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TEMPO... still the best value in 
quality 2-meter equipment 


TEMPO VHF & UHF solid state 
power amplifiers 
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^ TEMPO POCKET RECEIVERS 

Low priced, dependable and the most 
compact receivers alailable 

MS 2 4 channel scanning receiver for VHF high band smallest 
unit on the market MR 2 same size as MS-2 but has manual 
selection of 1? channels VHF high hand MR 3 miniature 2 
Channel VHF high band monitor or paging receiver MR 3U 
single channel on the 400 to 51 2 UHF band All are low priced 
and dependable Now available with accessory CTCS5 and 2 
tone decoders 


TEMPO FWIT-2 & FMT-42 (UHF) 

An exciting approach to 
jgBBB ft mobile communication 

uLhI ud P < * v ^-- * ~ Compact transceivers offering versatility and perform 

ante Supplied with an unbreakable remote control 
head for hide away mounting in mobile use and to provide a small neat package lor 


Boost your signal.. . give it 
the range and clarity of a 
higher powered base station. 


VHF {135 to 175 MHz) 


Drive Power 

Out put Model Mu 

Puce 

2W 

13CIW 

1 3QA02 

SI 99 

10W 

1 301V 

130A10 

SI 79 

30W 

130W 

1 30AI1L1 

SI 09 

2W 

how 

HO A 02 

$169 

10W 

HOW 

80A10 

5149 

30 uv 

HOW 

80A30 

S199 

UHF (400 if. 512 MHz) 

Drive Power 

Output 

Model No Price 

2W 

/GW 

70 D07 

S270 

tow 

70W 

70D10 

$250 

30 W 

70W 

70D30 

$210 

2W 

710W 

40D02 

$180 

10W 

40W 

40D1O 

SI 45 

2W 

10W 

1OP02 

Si 25 


base applications 6 channel capability with one supplied A hand held PTT micro¬ 
phone and 20 fool cable supplied 7 watt power output lor low current low power 
applications but designed fur output up to 170 watts on VHF and up to 100 watts 
on UHF With AC power supply becomes a base station with 120 watts VHF or 100 
watts UHF 




TEMPO VHF/ONE PLUS 

Still the best buy in a mobile transceiver compare 
features compare prices 

Full 2 metei coverage 144 to 148 MHz for both transmit 
and receive * 25 watts or low power output selectable * 
Remote tuning on microphone * Sideband operation with SSB 0NF adapter * MARS operation 
capability * 5 kHz numerical LED * Full phase lock synthesized fPLL) * Automatic repealer 
split selectable up or down • Two built in programmable channels * All solid state * 800 
selectable receive frequencies with simplex and 600 kHz transmit frequencies for each 
receive channel Still only $399 


Iimmm puwim Hind t tC Ivin? ac£oi>l«nl modal* .ilau 
avaitabla 


Sold al Tempo dealers throughput the U S 
and abroad Please call or write 


for further information 



BIRD Model 4362 Thru line Wattmeter 

the perfect accessory for any 2-meter operation Bud 
directional wattmeters are insertion type instruments for 
measuring forward or reflected power m 50 ohm coaxial 
transmission lines $ 94 00 

HF model 4360 ($94 001 and a complete line of BIRD 
products also available 


mu ,** sub]** I [u -h inge without ngtn't- 



i i ?4Q w Orympic 0tva lok Angetes 
Calif 90064 213/477-6701 

93) 1st Euclid Anaheim Calif 92001 714/ 772-9200 

ButlO' Missouri 64730 816^679-3127 
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...we are & 
we aren't! 


Yes, we are amateurs personalty. But no, we're definitely not 
amateurs when it comes to engineering the most 

sophisticated, most dependable amateur transceivers, 
antennas and accessories available. 

And now, as a division of Telex, the Hy-Gain 
trademark symbolizes an even more 
deeply committed approach to 
the electronics of amateur 
communication. As well 
as marine, professional, 
commercial, industrial 
and military systems 
sold worldwide. 

Amateurs: we are 
and we're not. 
Stop by your 
nearest Hy-Gain 
amateur dealer 
today to see and 
hear what we 
mean for 
yourself. 




Hy-Gain 3806 
2-Meter Hand-Held 
Amateur Transceiver 
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Send today 
for your free 
copy of Hy-Gain's 
new Amateur 
Catalog, including our 
complete line of transceivers, 
antennas and accessories. 

Additional Catalogs available 
(please check}: 

Marine Products & Systems 
Professional (Business) Products & Systems 
Commercial, Industrial & Military (C1MJ 
Products & Systems 
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SEND TO: Hy-Gain Electronics Corp. 8601 N.E. Highway Six Lincoln, NE 68505 

Phone (402)467-5321 Telex 48-4324 


Hy-Gain Electronics A Division of 



Communications 
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Antenna matching Sets power range 

capacitor. 208 pf. 300 and 30 watts 

1000 volt spacing. Pull lor SWR, 


Meter reads SWR 

and RF watts in 
2 ranges. 


Efficient airwound induc¬ 
tor gives more watts out 
and less losses. 


Transmitter matching 

capacitor. 208 pf. 
1000 volt spacing, 


(July MFJ gives you this MF J 941 Versa 
Tuner If wtih all lhe.se features a\ this price 
A SWR and dual range wanmeier (300 and 
30 watts lull scale) lets you measure RF 
power outpul tor simplified tuning 

An antenna switch lets yen select 7 coax 
led antennas, random wire or balance Ime. 
and tuner bypass 

A new etficienl airwound inductor (12 po 

si (tons) gives yew less losses than a tapped 
toroid lor more waits out 

A 1;4 balun lor balance lines 1000 volt 
capacitor spacing Mounting brackets lor mo 
bile in stall at ions (not shown) 

With the NEW MFJ Versa Tuner It you can 
lun your lull liansceivei power output — up TO 
300 watts RF power output - and malch your 


one existing antenna No need to pul up sepa 
rale aniennas tor each band 
Increase the usable bandwidth ot your mo 
pile whip by tuning out the SWR from inside 
your car. Works greal with all solid stale rigs 
(like the Atlas) and with all lube type rigs 
11 travels well, too. Its ultra uompaci s m 
8x2x6 inches hi easily in a small cornei ol 
your suitcase 

This beautiful little tuner is housed m a 
deluxe eggshell while Ten Tec enclosure with 
walnut gram sides 

S0’239 coax connectors are provided tor 
transmitter input and coax fed antennas 
Quality live way binding posts are used for 
the balance line inputs (7), random wire mpui 
If ). ant! ground (1J 


ANTENNA SWITCH lets you select 2 
coax fed antennas, random wire or 
balance line, and tuner bypass. 


transmmer in any leedlme from 1 60 ihiu tO 
Meters whether you have coax cable, balance 
Ime, or random wire 

You can tune out the SWR on your dipole. 

inverted vee, random wire vertical, mobile 
whip, beam, quad, or whatever you have 

You can even operate all bands with jusl 


1 __| 

MFJ 900 ECONO TUNER 

Simr is MU vena Tuner, bur does nni nave buii! m 
hafun lor balance lines Times ron lines and random hues 


' J T |Jj .j . | „ 


MFJ-40Q 6043 ECONO KEYER 

MFJ brings you » reuw*. tyM itiiun economy keytr ming 
ihe ratfiout CUffnS A04& keyer ba a chip 

Panel CMtrWi Speed 18 to SO W^'Mj jjull Id tune 
volume mi oft 3 cmxtucloi. V* inch phone |dck lm toying 
(HJlptil Jrnj hoy pilLHdip input 

tat*fflii wpgM control Hits you hljuii doi toh ’hpjce 
*iUQ rex a dtHincTtve wjna' 1o jpenelrale OKM lor soM 
Ox canrarls SXJelonr and vpn.i^sr Internal lone control 
la mMc operation wills ^unefo toy Cot mom ary Instanl 
t.!art Sell crvnpiEtinq Jamproor spacing FleiiAble solwl stfltf 
toying mm*. cathode sow stale traiWTHltere 1 - 300V 
10 rrta man and + 300V. IDO ma ma« \ 


MFJ 901 VERSA TUNER 


Mu* efficient ik wound con tor mwt wails out 

uni, MU u r- an cthoeni d .i * njhO indueH* it? fio 1 ,ifmrsr.j 
in fDrc cJrfS 1 - ir Ju/jev Ui g. .*■ tnu mate a, ah col lev 
losses man a upper] Ttutno Matdw 1 - everyihanq luun 1&U 
thru 10 Mil pus diptXft. mvciT-wt vues random we re 1 , vm r- 
i ,U. mofuir whip 1 , (Marts?, balance line w Imr. Up lu 
200 war|C r . Ml output 1 4 balun lw tMiance Jnnr*. lurni enji 
llw 5WH i>f yuu f iiirJtMir whip liCitt mime yflur car W u* 
«>iti dii ipQi: Ulna compact snciws SO ?V) ctxwt: 
iv^. & *4y tunning posts r^n T(t enclosure 


MFJ ISO ID RANDOM WIRE TUNER 

0 per alt IbO thru ID Helen Up to 200 wills flF oulpul 
Matches high and low impedancEs 1 ? paiihani rndudor 
$0 239 ewMelm 2 i 3 u mcftei MaicbEi 2 b id 200 ohrnj 

al 1 S MHi 


For technical Information, order and repair status, and In Mississippi, please call 601-323-5869. 

Order any product from MFJ and try it. tf not delighted, return within 30 days for a prompt refund (less shipping). 

Order today. Money back if not delighted. One year unconditional guarantee. Add $2.00 shippingfhandling. 

Order By Mail or Call TOLL FREE 800-647-8660 and Charge It On [™g“ 'fife 

MAE ■ EMfl'VE>EEE p - °- box 494 laav EKEI 

mnrj EITI ■ EKKKI9E9 MISSISSIPPI state, Mississippi 39762 
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a second look 

=£1 by Jim Fisk 


In our modern day world of solid-state electronic gadgets and centralized urban living, it's the 
rare amateur who hasn't been troubled at one time or another by interference complaints. As often 
as not the interference is caused by some other source, but if you have a tower in your backyard, 
you're a likely suspect and the first one to whom they turn when the local taxicabs (or whatever) 
tear up your neighbor's favorite television show or come booming through their quadraphonic stereo 
system. 

As I have mentioned in this column several times in the past, the problem can be effectively cured 
only by proper design and construction of home-entertainment equipment at the manufacturing 
level. The consumer electronics business is highly competitive, however, so the manufacturers are 
reluctant to add filtering and lead bypassing that would increase the sales price of their equipment. 
For many years the manufacturers contended that less than 5% of home entertainment equipment 
operated in an rf environment which required special attention — but with the proliferation of two- 
way radio systems as well as higher power a-m and fm broadcasting stations and high-speed digital 
systems which can cause interference, I doubt that many consumers would agree. 

Several bills have been introduced into Congress which would give the FCC authority to regulate 
the manufacture of home-entertainment devices to reduce their susceptibility to interference from 
nearby radio transmitters, but none have passed. Now Senator Goldwater is sponsoring a Bill which 
would require better RFI rejection; the Bill, S-864, has been referred to the Senate Subcommittee on 
Communications and hearings began in Washington on June 14th. Among those invited to testify 
were the ARRL, FCC, Institute of High Fidelity, and Heath. Although there's no chance that the 
Goldwater Bill will make it to the Senate floor during this session, the hearings will help pave the way 
for speedier action on future RFI legislation. 

Consumers are becoming increasingly aware of the RFI problem, so the time is right for legisla¬ 
tion such as that proposed by Senator Goldwater. Radio amateurs have known for a long time that 
the majority of RFI problems are not due to interference per se, but are caused by the interception of 
signals by devices which were not designed to operate in today's strong rf environment. The only 
way to eliminate 90% of the RFI problems is through legislation such as S-864 which would eventual¬ 
ly require the manufacturers to correct those design deficiencies which lead to unnecessary inter¬ 
ference. 

Individual amateurs can help toward the eventual passage of a bill requiring better RFI rejection by 
letting their Senators know of their support for S-864, particularly if one of their Senators is a sub¬ 
committee member. In addition to Chairman Hollings (South Carolina), the members are Griffin 
(Michigan), Magnuson (Washington), Cannon (Nevada), Inouye (Hawaii), Ford (Kentucky), Durkin 
(New Hampshire), Zorinsky (Nebraska), Riegle (Michigan), Stevens (Alaska), Packwood (Oregon), 
Schmitt (New Mexico), and Danforth (Missouri), Letters to the Senators addressed to the United 
States Senate, Washington, D.C. 20510, will reach them promptly and may help considerably. 

The letters do not have to be long, although background information on your (or your neighbors') 
RFI problems could be important. Even a note to the effect that you support S-864 would be a val¬ 
uable contribution. Remember that previously introduced RFI legislation never made it through 
Congress — now that Senator Goldwater has started the ball rolling again, let's make sure it has 
enough momentum to become law. Now is the time to lend your support to this vital effort; write 
today and make your voice heard. 

Jim Fisk, W1 HR 
editor-in-chief 
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So for your next mobile radio, go all out after all of it and gel the maximum in multi-mode mobile with the 
IC-245 /SSB. P.S, A microprocessor controller with memory, frequency setting and Touch Tone* dialing 
will be available soon. 


ICOM WEST INC. 

Suite 3 

13256 Norihf up Way 
Bellevue. Wash 90005 
l206j 747 9020 


ICOM EAST, INC. 

Suite 307 

3001 Tower wood Dove 
Dallas, Texas 75234 
[214) 620 2780 


ICOM CANADA 

7007 Victoria Dove 
Vancouver B C V5P 3Y9 
Canada 
j004 >321 1033 


,fll k ,if i |,h | .. - lit . JL< II r|. r vilhH ■ 


• Single knob frequency selection: The IC- 
245/SSR is synthesized with convenient single 
knob frequency selection over the entire 4 MHz. 
No more fussing with two or more knobs just to 
check what is going on around the band. One 
easy spin of the dial does it all. 


• Two VFO'i built In: The second VFO, which 
is an optional tack-on with most other trans¬ 
ceivers, is an integral feature in every JC-245/ 
SSB. 


# Variable offoet: Any offset from 10 KHz 
through 4 MHz, in multiples of 10 KHz, can be 
programmed with the LSI synthesizer. 


# Remote programming; The LSI chip pro* 
vides for input of a Touch Tone* like program¬ 
ming pad from an external source, such as the 
microprocessor controlled accessory which will 
also provide sc an and other functions (available 
summer '78), Computer control from a PI A 
interface is also possible (data available on re¬ 
quest). 


% FM stability on SSB and CW; Synthesis of 
100 Hz steps makes SSB as stable as FM. This 
extended range of operation is attracting many 
FM'ers who have been operating on the direct 
channels and have now discovered SSB. 


Sp rt ite * (to n *: [ !i<i|niri> v f ll 1.1W in I IK iHi MM* Mini, lM|i ;> SStlcViJ) 
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HF/VHf /UHt AMATEUR AND MARINE COMMUNICATION EQUIPMENT 


Try on MultiMode 

M A ^ ■ ■» 

IK Mi _l Multi-mode mobile is the newest trend in VHI, The next time 

|« Ml \m m you are lamenting the limitations of your present mobile rig. 

■ ■ II II lIlH^I just imagine how it would size up against the IC-245/SSB 
I MM 1^^^ Mobile Maximizer. In addition to the complete FM capabil- 

m m jty through repeaters and the SSB capabilities from a home 

station, the 1C-245/SSB offers superb SSB mobile performance to squeeze the most out of simplex mobile 
contacts. Mobil CW? No problem with the 1C-245/SSB: just push the button and hit the key, and you're on the 
best mode for longhaul mobile DX. Some of the features which make all of this possible are: 


















NEW 10 18, AND 25 MHZ AMATEUR bands were all proposed in the FCC’s WARC 79 eighth 

Notice of Inquiry released in early May. On the negative side, the Commission pro¬ 
posed shifting 50 kHz from the top end of 80, and the bottom 60 kHz of 160, to the broad¬ 
cast service, but also proposed that all the HF Amateur bands (except for part of 160) 
be exclusively Amateur throughout the rest of the world. Specific FCC proposals for the 
Amateur Service: 

160 Meters: 1800-1860 kHz, Region 3 only (shared); 1860-1900 exclusive Amateur 

worldwide; 1900-2000 shared 
3500-3950 kHz (loss of 50 kHz) 

6950-7250 kHz (shifted down 50 kHz) 

10.1-10.2 MHz (new) 

14.0-14.35 MHz (unchanged) 

18.068-18.168 MHz (new) 

20.95-21.45 MHz (50 kHz added at low end) 

25.11-25.21 MHz (new, moved from 25.76 proposed in the fifth NOI 
at the request of Radio Astronomy) 

28.0-29.7 MHz (unchanged) 

_ __y Amateurs were responsible for the new 10 and 18 MHz bands, the Commission 

noting that - they were ,f so strongly requested and justified in the Service Working Group 
report while reducing the overall impact on the fixed services..." 

These Proposed Bands are far from firm, however. There is a mention in the text that 
the Executive Branch will not support the 6950-7000 and 20950-21000 kHz slots or allow 
the Amateur Satellite Service to use 1250-1260 or 5660-5670 MHz (which in addition to 
2390-2400 MHz, 76-81, 165-170, and 240-250 GHz, were included as a footnote with 435- 
438 MHz). The Amateur Satellite Service was also given 
13-meter band. 
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"primary" status on the new 


CREDIT FOR PASSING THE CW exam can now be retained by an FCC license applicant even 
though he failed the written test; the Commissioners agreed to allow an applicant such 
credit for up to one year after he takes an exam. To receive the CW credit the appli¬ 
cant will be given an FCC Form 845 by the Field Office at the time of the exam. He turns 
it in when he returns for another try and receives credit for the CW portion of the exam. 
Form 845 will be honored only by the Field Office that issued it. 

Ex-Novices, Whose Licenses expired less than a year ago, will be eligible to apply 
for reinstatement just like any other Amateure licensees. This provision is a result 
of the FCC's recent rules change making Novice licenses good for five years and renew¬ 
able. Any former Novice, whose license expired after May 15, 1977, can submit a Form 
610 (within one year of his original expiration date) and regain his license for a full 
five years — without retaking an exam. 

General-Class Licensees are now permitted use of 50.0-50.1 MHz. The change brings 
General 6-meter r privileges in line with those of Technicians. 

AMATEUR RADIO'S RANKS GREW over 11 per cent in the past year, according to recent FCC 
figures” At the end of April, U.S. Amateur operator licenses numbered 337,959, compared 
to only 304,331 a year ago. Biggest growth was in the Novice Class, up 12,434 from last 
year at this time to total 58,016. Extra Class showed the next greatest percentage in¬ 
crease, up more than 20 per cent to 19,797, but every class showed healthy growth rates 
of 6 per cent or more. 

W2BXA RECEIVED SATELLITE DXCC number 1 when he arrived at ARRL Headquarters with cards 
proving he'd worked 101 countries via the OSCARs! W6VPH/VP5, VP2EFZ, and a special hand¬ 
made FO0XA card from the recent Clipperton DXpedition pushed Ben over the top. 

K5CM WORKED WA0LPK/KL7 FOR HIS 50TH 2-METER state in late April, becoming the second 
station to makeT WAS on 144 MHz. 

In Addition, 2-Meter Worked All States was achieved by N0JA and K9HMB several weeks 
later, thanks to N6NB/7, whcT operated his portable moonbounce station from both sides of 
the Utah-Nevada border. 

THE WINNER OF THE GRAND PRIZE in the 1978 Sweepstakes , a Drake UV-3, the world’s only 
three-band vhfifm transceiver, with ac power supply and encoding microphone, and an Atlas 
350-XL high-frequency transceiver package which includes a deluxe power supply console 
with speaker, digital clock, phone patch, speech processor, and electronic keyer, is 
Shelton Boles, WA5K0K, of Cleveland, Texas. Other happy winners in this year's Sweepstakes 
are Murray Fisher, W7NSU, who won an Atlas 350-XL with ac power supply, and David Richards, 
K1YGF, who is a proud new owner of a Drake UV-3 with modules for 144, 220, and 440 MHz. 
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The evolution of the mla 


When the MLA-2500 was first introduced it was a new concept in 
high performance amplifiers. Low and sleek yet powerful enough 
for the military. Some wondered .., needlessly. 

A promise kept. 

The MLA-2500 promised 2000 watts PEP input on SSB. A heavy duty 
power supply. Two Eimac 8875's. And as thousands of Amateurs across 
the world have proven, the MLA-2500 delivers! 

Now DenTron is pleased to bring you The new MLA-2500 B, 
Inherently the same as the original MLA-2500, the B model includes all 
of the above specifications plus a few refinements. New high-low power 
switching for consistent efficiency at both the 1KW and 2KW power 
levels, and 160-15 meters. 

Tested and proven. 

What better test for an amplifier than the Clipperton DXpedition? 

Even after 32,000 QSO's, and an accidental dunk in the ocean, the same 
3 MLA-2500's are still amplifying other rare DXpeditions around 
the world — listen for them. 

Convinced? Isn't it time you owned the amplifier that powered 
Clipperton and thousands upon thousands of radio stations 
throughout the world? 

MLA-2500 B $899.50. 
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The TS-520S transceiver provides full transmit and 
receive coverage of all Amateur bands from 160 
through 10 meters. It also receives 15 0 (WWV) to 
15 5 MHz and another 500 kHz range of your 
choice in the auxiliary band position With the op^ 
bonat DG-5, you have a large digital frequency 
readout when transmitting and receiving, and the 
DG-5 also doubles as a 40-MHz frequency counter. 
The TS-520S includes a built-in AC power supply, 
and, with the addition of the optional DS-1A DC- 
DC converter, it can function as a mobile rig. It 
features a very effective noise blanker, HIT, eight- 
pole crystal filter, 25-kHz calibrator, front-panel 
carrier level control, semi-break-in CW with side- 
tone, built-in speaker, heater switch, 20-dB RF 
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A great station . at an affordable price! The TS-520S with its companion 
accessories... including two new units. The AT-200 antenna tuner provides a 
versatile tool in any station The other is the TV-520S, Kenwood s 2 meter 
transverier for SSB and CW operation from 146 to 148 MHz 
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The 599D " Twins" are offered to the 
discriminating Amateur who appreciates the 
advantages of operating a separate transmitter 

and receiver. 




The R-5990 receive* and T-599D transmitter pro¬ 
vide greater flexibility with more features than 
found in a transceiver 

The R-599D receiver is all solid-state, covering all 
Amateur bands from 160 through all of 10 meters, 
as well as auxiliary band and WWV (10 MHz). With 
ophonal converters it also receives 6 meters and 2 
meters. Modes include LSB, USB, CW, AM, and 
FM A 2 2-kHz eight-pole filter is burlt-m for SSB, 
as well as a 50Q*Hz eight-pole CW fitter and a 5.0- 
kHz six-pole AM filter, An optional 14.0-k Hz six-pole 
FM filter is available. Also featured are an AGC 
control (slow/fast/off), 25-kHz calibrator, RIT, 
noise blanker, ANL (AM), squelch, monitor. VFG 
selector, and RF gam control which does not affect 
5-meter reading 

The T-599D transmitter is solid-state except for the 
driver and final tubes. It covers the 80 through IO¬ 
meter Amateur bands, on LSB, USB, CW. and AM, 
An AC power supply is built-in. Also included are 
VOX, anti-VGX, PTT, semi-break-in CW with side- 
tone ALC. transverter terminal 
Enjoy split frequency control in four separate/ 
transceive combinations with the 599D Twins 
See your local Authorized Kenwood Dealer for more 
information 







The R-300 all-band communications receiver covers the 
following ranges: (A) 170-410 kHz. [B) 525-1.250 kHz. (C) 
1.25-3,0 MHz: (D) 3.0-7 5 MHz: (E) 7 5-18 0 MHz: and (F) 
18,0-30 0 MHz, tt recetves AM, SS8. and CW The receiver 
features large easy-to-read drum dials. Bandspread is cali¬ 
brated for 10 foreign-broadcast shortwave bands and a 
replacement bandspread calibration is available for the 80 
10-meter Amateur bands Included is a three-way power 
supply (AC batteries external DC} Wide and narrow ceramic 
filters arc employed for high selectivity Also included is 
a 500-kHz calibrator 



































































ITS NEW. ., IT S UNIQUE . .. AND ITS TRULY 
USEFUL* IT'S KENWOOD'S SM-220 STATION 
MONITOR. THE SM 220'S UNEXCELLED 
VERSATILITY ALLOWS YOU TO MONITOR YOUR 
TRANSMISSIONS, MONITOR INCOMING SIGNALS, 
AND MONITOR THE AMOUNT AND STRENGTH OF 
BAND ACTIVITY* AND PERFORMS AS A GENERAL- 
PURPOSE 10 MHz OSCILLOSCOPE, AS WELL. 


Kenwood offers this totally unique unit as a perfect 
compliment to v° u|r TS-820S Of TS-520S station ** 
The SM-220. based on a wideband oscilloscope (2 
Hz to 10 MHz), permits you to monitor your trans¬ 
mitted signals, thus assuring optimum linearity and 
maximum performance With the addition of the 
BS-5 or BS-3 Pan Display option you will be able 
to determine visually the location and strength of 
adjacent signals without tuning your receiver off 
frequency The choice of options allows you to 
adapt the SM-220 to either the TS 820 senes or 
TS-520 senes. 

The SM-220 has a built-in two-tone audio generator 
with full provisions for tuning your exciter and 
linear amplifier (160 m through 2 m) 

All this costs little more than a general-purpose 
oscilloscope And. of course, it s pure Kenwood 
quality 

‘With BS'E Or BS 8 option 

"Fqr other models chnck with xipproprrutti miinufiiotur^r 
for compatibility 
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Keyed Wavoforivi Show^ 

detail of CW keying U« to 
monilaF ihe quality ol your 
CW non? (Photo showt 
idool waveform, produced 
by TS 6205 ) 


DacJNoitopn Operation 

(1 km Oecilleior (unction 
□ How? Sine tquere wave. 
ItiaHjout patternt tor t«t- 
inft or dfiiign work. 


Tiipnrnld (TS-S20S w 
TL 922) Show* linearity of 
power amplifier Used pri¬ 
marily foi intirig 


Wave Envelop* ihfrwi full 
SSB voice modulation, with 
processor on (lull compret 
uon). and "clean signal" 
at lull power 
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STILL THE SAME FINE, TIME PROVEN RIG. BUT 
NOW WITH THE SIMPLE ADDITION OF A PLUG-IN CRYSTAL, 
THE TS-700SP WILL BE ABLE TO UTILIZE THE NEW 
REPEATER SUB BAND (144.5 to 145.5 MHz) 
STILL FEATURES ALL OF THE FINE ATTRIBUTES OF THE 
TS-700S: A DIGITAL FREQUENCY DISPLAY, RECEIVER 
PRE-AMP, VOX, SEMI-BREAK IN, AND CW SIDETONE. OF 

COURSE, ITS ALL MODE, 144 148 MHZ, VFO 
CONTROLLED,.. AND KENWOOD QUALITY THROUGHOUT. 


Features 4 MHz band coverage {144 to 148 MHz) 
* Automatic repeater offset capability on all FCC 
authorized repeater subbands including 144 5- 
145 5 MHz * Simply dial receive frequency and 
radio does the rest simplex, repeater or reverse 
Same features on any of 11 crystal positions- Trans¬ 
mit /Receive capability on 44 channels with 11 
crystals * Operates all modes SSB (upper and 
lower), FM, AM and CW * Digital readout with 
Kenwood Blue digits - Receiver pre-amp - Built-in 
VOX * Semi bmak-in on CW - CW sidetone * All 
solid-state * AC and DC capability 10 watts RF out¬ 
put on SSB FM, CW * 3 watts on AM * 1 watt FM 
low-power switch * 0 25 p.V for 10 dB (S + N)/N 
SSB/CW sensitivity • 0 4 pV for 20 dB quieting 
FM sensitivity, 

10 watts RF output on SSB FM CW * 3 watts on 
AM * 1 watt FM low-power switch * 0 25 ;tV for 10 
dB (S+N) / N SSB/CW sensitivity *0.4 /iV for 20 dB 
quieting FM sensitivity 
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The luxury all-mode transceiver tor 6 meters. All solid- 
state. SSB, FM, AM, and CW. 

It'S easy to work VHF DX on 6 meters with the TS 600 all-mode 
transceiver The 10-watt, solid-state rig covers 50-54 MHz, with built- 
in VFO and 20 fixed channels. The mam tuning dial is calibrated 
every 1 kHz for precise tuning The built-in AC DC power supply 
allows base and mobile operation Other features include a noise- 
blanker circuit and BIT (receiver incremental tuning). 






































































































































The TR-740OA 2-meter FM transceiver provides 
fully synthesized operation including 600 kHz 
repeaiei offsets over the enure 144 148 MHz 
range It can operate on any of 800 channels, 
spaced 5 kHz apart RF output is at least 2 5 W 
and typically 30 W A low power position produces 
5-15 W (adjustable) Included is a dual frequency 
readout with large stx-dtgii LED display plus a dial 
readout The subaudtbte CTCSS signaling feature 
may bo used on transmit and receive, or transmit 
only Optional tone burst modules are available 
Receiver sensitivity is bettei than 0 4 /tV for 20 dB 
quieting Large, higfuQ, helical resonators minimize 
interference from outside the band A two pole 
10 7 MHz monolithic crystal filter provides excellent 
selectivity Optional active filters are available for 
1 5 kHz split operation In term odd I ah on distortion 
Is down more than 66 dB. spurious rejection is 
better than —60 dB and image rejection is better 
than —70 dB. 

See your local Authorized Kenwood Dealer today 
for a demonstration of the fantastic TR-7400A. 


1 . D 


The fully-synthesized TR-7400A 2-meter FM 
transceiver operates on 800 channels and 
features repeater offset over the entire 144- 
148-MHz range, dual frequency readout, 
six-digit display,and subaudible tone encoder 
and decoder. RF output is at least 25 watts! 




POWER 


5KH* 


FM transceiver for 7O cm 
Amateur band. 23 crystal- 
controlled channels (three 
supplied). Transmitter output 
is TO watts. 

The TR B300 4 50 MH/ FM mobile 
transceiver provides 10 watts output 
(switchable to I watt! on 23 crystal- 
controlled channels (three pairs ol 
crystals supplied) The transmitter 
covers 44 5 to 4 50 MH.\ and the 


receiver covers 4az to / iviru 
The receiver rncludes a five-section 
helical resonator and a twn-pole 
crystal fiber in the IF lor improved 
imermod rejection Sensitivity is 
0 S /iV for 20-dB quieting A front- 
panel switch may he used to activate 
tone-signaling or other user-provided 
function An LED indicates receive 
crystal functioning A monitor err 
edit allows user to listen to his own 
modulation 





































































































B STANDBY RECEIVE SWITCH Disable* audio circuits dunn , irnnv 
fTiit mode with associated 

C CALIBRATOR SWITCH Quill-in uysldil calibrator ' (Whin TO WWV 
ptbvidn* llgmtl ryt’ry 25 khjr 

D NQfSE-BLANKER SWITCH A ypui ully designed cryatitl liltrr nllimf* 
netas none pulses Mu h an uinirionrijiise m(f'rlei(*nr^ 

£ MONITOR SWITCH RF semplmg allow* useI io hoar Ins own von ■ 


svlta m ftWtt/etit 


CING 


<i5V*cia1‘"d immnninw 


ECEIVER DESIGN 
KENWOOD R-820 


With more features than ever before available in a ham- 
band receiver. This triple-conversion (8.33 MHz r 455 kHz, K 
and 50 kHz Ifs) receiver, covering all Amateur bands from l 
160 through 10 meters, as well as several shortwave M 
broadcast bands, features digital as welt as analog frequency 
readouts, notch filter. IF shift, variable bandwidth tuning, 
sharp IF filters, noise blanker, stepped RF attenuator, 25 
kHz calibrator, and many other features, providing more 
operating conveniences than any other harrvband receiver, £ 
The R-820 may be used in conjunction with the Kenwood r 
T5-820 series transceiver, providing full transceive s 

frequency control. 


another frequency Help? return to hold ircquoncy 

VFO/CRYSTAL SWITCH Poimil* VfO control ur crystal control on 

lour selectable IrtrqutinEiM 

LED INDICATORS UghFemithng diodes indicate activation ol nqlch 
fatten crynifll curtVolInd recnpTion, VfO contrcl iind H+T 
DRS DIAL Soho smooth VFQ tumny dial sytlliim prgvidoi ainy ana 
lug frequency readout (useful when difptnl hold is Activated} l SR 
USB nod CW froqumiLies ace accuretoly read hum, the sorti*' pen Mur 
NOISE BLANKER LEVEL CONTROL Controls level of blanking, for 
rfumimiMii nltoct m eriminairng noise tmurfernncn 
MONITOR CONTROL Adiuiis U ,nl of RF sampling 
TONE CONTROL Vanes audio oiRput frequency rciiponse 
TRANSCEIVE SWITCH Setom Jinquoney tuning from ftilhm thu 
receiver or TS-B20 series transceiver 

VBT/SELECTIVITY CONTROLS Separate conhal* on the Mints 
shah piovidr variable bandwidth tuning a s wpkJ as m^liictian offour 
IT hi tare 350 Hi’; 500 Hi* 1 4 kNr nrtd G LHiT |o phonal) CW hi 
TOti lunchan «n 455-kHz If lor superior shspi- larlor 
PRESELECTOR Peaks tumri cir£u■ t» m RF amplifier lUign for 
increased saitrrtivity and sensitivity RF amplifier coil is dual tuned 
R IT NOTCH CONTROLS RIT nflow'- receiver to hr tuned off Fm 
qtrency, while not aHectfng hnnsmit frequency when rrt iransccivt} 
mode with 15-820 Notch connol times notch within IT pavibund 
for eliminating ininTerence Notch frnquimcy lemaini tho in mo 
oven when IF shift h utilized 



RIT-§- NOTCH 






w 


AA 


BB 


IF SHIFT Varies (shifts) IF pass hand away from rnlor- 
loring sign n I 

AF GAIN/ RF GAIN Snpiirain cqiiiroli adjust volume 
and RF gsm 

RIT SWITCH Allows lumng oft frequency with RIT 
control, end return immediately to VFO frequency by 
pushing switch 

NOTCH SWITCH Takes variable notch hlini m and 
out of circuit 

BAND SWITCHES Selects frequency bands Irom 15 
MHi (WWV|, 160 through 10 me lore, the 49, 31. 25. 
and 16' meter shortwave broadcast bends, and an 

,iUNiliLiry band 

TRANSCEIVE SEPARATE SWITCH Enables receive? 
VFO to control the receiver end TS-B2Q {or TS-B2GS) 
frequency tor ihe TS-820 VFO Id contra! both) nr 
both can function independently 
POWER SWITCH Tunis reir.niYi!i on and off 


R 920 PERFORMANCE SPECIFICATIONS 


Frequency Rimyt 


16D me, torn (1 8-3 D Mltr) 

80 melere (3 S 3 0 MHi) 

4Q rumors (7 0 7 s Mbit 
20 (14 0-14 5 MHr| 

IE nterert (21 0 - 2 \ 5 MHd 
15 mutnrR (2t 0-21 b MHh 
H5 muior^ (20 0 28 5 MH/[ 

10 mirtdri (2a s 29.0 MHj) 

10 meters (29 0 29 S MHi) 

10 mete re (2D c j TO 0 MHr) 

19 mour* (ffj 0 iWWVMS & MHr) 
43 molflr* l& 9 & 4 MH f ) 

31 motor* (9 4 9 9 MHr) 

25 meters (1 I 542 0 M Hi) 
l G meterf ft 7 7 JR 2 MHj) 
Aumhary bund 


ModM AM CW U5E1 LSB RTTY 

Stniihvily T60-i0n> 1*1 m SSB 0 25jiVet IQdBS-N N 

AM 1 b jiV At 10 dB S N N 
49 3t 2& 1G m SSB 0 5 »V at 10 dB S N N 
AM 3 OjtV at lOdBS^N N 

Selocdvity CW (wiib optional 250-Hi tilttrrj, 260 H? (—6 dB). 500 Hi (—60 dh} 
CW (with opiionel SOO-Hj lifter}, 500 Hi |—6 dB| r S5Q Hi (—60 dEb 
SSB (2 4 t.H i |||iar) 7 4kHr (-6 dB| 4 4 kHi t»0 dB) 

AM <B kHi hlinr] 6 k Hj f-fi dR) t ? kHr (-60 dB> 

ImJHirr Rfrtio 160-10 m 19m BO iiB 
49 31 25 16 m 60 dfi 
IF Rejection 160 10 m 19 m 90 d8 
49 31 ?5. 16 m 50 d& 

Fewer Raquirements: 100/120/220/240 VAC, 60/60 Hi, oi 12-15 VOC 
Dimnnikini 13 I H (333 mm)W r & f 1 S3 mmlH n 13-3 /1 6" (335 mm)D 
Weight 26 4 lbs (13 kg) 
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ACCESSORIES 
FOR TS-70OSP 
2 m all-mode transceiver 

VFO-7003 remote VFQ 
SP-7D matching speaker 
Other products: 

PS-6 power supply for TR 7500 
and TR-8300 

PS-8 power supply for Tft'?400A 
VOX-3 VOX for TS-600/TS-700A 
Active filter elements for 
TR-7400A 


TRIO KENWOOD COMMUNICATIONS INC, 

1111 WEST WALNUT/COMPTON, CA 90220 


The AT-200 features a seven position 
rotary switch that selects 1 of 3 an¬ 
tennas and connects it through the 
antenna tuner circuit or directly to 
the transceiver The 7th position 
allows you to connect a dummy load 
directly to your transceiver for rune 
up and testing Two of the antenna 
inputs are fitted with SO 7 39 type 
coax connectors A third input allows 
for easy hook up of a wire antenna 
with an impedance of 10 to 500 
ohms The AT-200 may bo used on 
all HF amateur bands from 160 to 10 


meters It's handsomely sTyled to 
match the rS-82QS and TS 5203 
Series (and TS-820 and T S 5 70) but 
can also be used with any HF trans¬ 
ceiver or transmitter with less than 
200 watts output 

Frequency coverage: Amateur bands 1 8 
to 30 MHi * input impedance 10 to 500 
ohms * Maximum power capability 200 
warn * Insertion loss 0.5 dB * Power 
minor 20 watt/200 watt lull scale t 5WR 
meter measures up lo 10 I * Dimomions 
6 \ T ' W x 7 3 / 8"D *6-9/16 'H * Weight 
6 2 BhB 


OTHER KENWOOD 


PRODUCTS 


ACCESSORIES 
FOR TS-82Q Series 
160-10-m transceiver 

DG-1 digital frequency display 
VFO820 deluxe remote VFO 
CW-820 500-H 2 CW filter 
DS 1A DC-DC converter 
S P-820 external speaker with 
audio filters 


ACCESSORIES 
FOR TS-520 Series 
160-10-m transceiver 

DG-5 digital frequency display 
DK-520 digital adaptor kit for 
TS-520 

VFO-520 remote VFO 
SP-520 external speaker 
CW-52Q 500 Hz CW filter 


ACCESSORIES 

FOR 599D Series 

160-10-m transmitter and receiver 

S-599 external speaker 
CC-29A 2-m converter 
CC-69 6-m inverter 
FM-599A FM filter 
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The HS-4 headphone set is comfortably 
padded and is completely adjustable, for 
extended periods of wear Frequency re¬ 
po nse is designed for Amateur communh 
tions (300 to 3000Hi) Impedance is 8 
ms. 


50 dynamic microphone is perfect for 
any hamshack. and is ideal for all Kenwood 
equipment as well as many other brands 
ft includes PTT ond LOCK switches, as well 
as s microphone plug wired for instant 
connection to any Kenwood rig it h easily 
converted to high nr low impedanca *600 
Q o» 50 kQ\ 


_v ■ < 


a TV-506 6-meter transvener 
produces 10 watts on 3SB and 
CW, Simply plug it into your 
TS-520 or TS-820 Series trans¬ 
ceiver. it works with most other 
- iron ac el vers, too. 


ThoTV-502S 2-mete rtra Havener 
produces 8 watts on SSB and 
CW It easily hooks up to the 
TS-520 and TS-820 Series 
transceivers 


MC-30S&35S 

The MC-30$and MC-36S dynamic mobile 
microphones provide 150-5000 Hi fre¬ 
quency response (150*40QQ Hi when 
Operated as noise-cancelling microphones) . 
The MC-30S impedance is 500 0 and the 
MC-3'58 *s 50 kQ. 


The AT-200 is an antenna tuner, but it's also 
much more. It s an antenna switch, an 
SWR bridge end an in-line wattmeter. The AT-200 

reduces the clutter and increases the 
operating efficiency of your station . . and at 

a suprisingly moderate price. 



















































general-purpose 

vhf receiver 


Design details 

of a 
receiver 
that covers 
the popular 
vhf ranges, 
in one 

convenient package 


I Any uhf enthusiast can appreciate a receiver that 
monitors all vhf frequencies and modes in one small, 
convenient package. Alas, this sort of receiver 
doesn't exist in the amateur marketplace* For years 
at my station, a Collins 75A2 - supported by a be¬ 
wildering array of converters — did the job. Soon 
after my station was remodeled, I developed a strong 
desire to replace the large, unwieldy {and ugly) 
receiver rack with smaller and modern equipment* 
I'm an avid homebrewer always looking for new pro¬ 
jects to occupy limited time and pocket money, so 
plans for a new receiver were soon germinating. 

design features 

Hf operators and shortwave listeners alike have 
always enjoyed the convenience of general coverage 
receivers, so why not something similar in nature, 
only intended for the vhf regions and tailored to 
today's needs for diversified vhf operation? Doug 
DeMew 1 was on this track some years back when he 
described a tunable t-f receiver for use with convert¬ 
ers. While its abilities fell short of my receiving 
requirements, several weeks of daydreaming pro¬ 
duced on paper a receiver better able to meet my 
goals, which would incorporate the following 
features: 

By Peter J* Bertini, K1ZJH, 20 Patsun Road, 
Somers, Connecticut 06071 
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1. Four-MHz coverage, through a 26-30 MHz i-f 
range, to allow full reception of the 6% 2* and 1-174- 
meter bands without changing converter crystals. 
Dial readout was desired to at feast 1-kHz resolution 
with mechanical and electrical stability for smooth 
CW and ssb reception. 

2 , Multimode detection for a-m, ssb, and fm with 
squelch to allow monitoring all the popular vhf 
modes. 

3> Several selectivity positions for mode compati¬ 
bility and operating convenience. 

4. All components self-contained in one neat pack¬ 
age including all converters, power supplies, and 
speaker. 

A pretty tall order to fill, and obviously some com¬ 
promises must be reached. Adequate coverage of 4 
MHz was best done in four 1-MHz segments, starting 
at 26 MHz and ending at 30 MHz, This allows for 
quick scanning across a band while maintaining a 
tuning rate comfortable enough for ssb reception. 
The range of 26-30 MHz was chosen for the i-f 
because many converters come equipped for this 
range and the i-f is also high enough for good con¬ 
verter image-rejection. 

Performance data for the basic receiver, covering 
the 26-30 MHz range, is presented in table 1. I'd like 
to point out that no pretense is made of using this re¬ 
ceiver as the nucleus for a moon-bounce, scatter, or 
other demanding station-receiver role. Those so in¬ 
clined will do better with a special-purpose receiver. 
Templates or board layouts are not available, and this 
receiver is not intended as a beginner's project. 

Schematics of the vhf receiver are shown in figs. 1 
through 10. The basic receiver, not considering the 
vhf converters, is a dual-conversion design using the 



Bottom view of the author's receiver, The two hoards In the 
bottom right are the i-f amplifier and the age detec¬ 
tor/amplifier, in the upper left is the bfo/product detector 
board. Mounted on the left side of the main chassis are the 
a m detector and squelch boards. Below and to the right of 
the product detector is the audio amplifier board. To the left 
of the audio board is the fm limiter and detector. 

standard frequencies of 10.7 MHz for the first i-f and 
455 kHz for the second i-f. Motorola MFE 121 dual¬ 
gate mosfetswere used in the26-30 MHzrf preselector 
and In the first- and second-mixer stages. No peaking 
of the preselector is required across the range on any 
of the 1-MHz receiver bands. The vfo bandswitch 
also selects a set of preselector trimmers for each of 
the four bands; stagger tuning provides broadband¬ 
ing and uniform gain over each 1-MHz segment. 

The basic receiver input allows for direct monitor¬ 
ing of frequencies between 26-30 MHz should the 10- 
or 11-meter bands be of interest. Special attention to 


table 1. Performance data for the basic receiver. 


frequency coverage 

circuit 

sensitivity 

noise figure 
stability 

spurious responses 
M rejection 
dial accuracy 
IMD performance 
age range 
selectivity 
modes 
squelch 
vhf ranges 


26-30 MHz in four 1 MHz bands 

SUperhet, dual conversion; 10.7 MHz first i-f; 455 kHz, second i-f 

0 .12 tiV detectable in a-m/fm mode; 

0.1 fiV detectable in ssb mode 

not measured — estimated at ^2 dB 

after 1 boar warmup in stable atmosphere, Jess than 500 Hz per hour 
all greater than 50 dB down 
80 dB down 

T kHz digital resolution. Oiat mechanical backlash Jess than 200 Hz 

two 1-imV signals separated 20 kHz required to produce a third order product equivalent to 1,5 
age action begins at 0,3 *lV; i f distortion at 15 mV 

2 kHz, 4 kHz, 8 kHz, 16 kHz (13 kHz actual) 455 kHz fitters, 10.7 MHz IMD filter is T3 kHz 
fm, a-m, ssb and CW detectors 

noise operated, all modes f m generator and Hewlett Packard 608D a-m generator used for performance analysis 
2 meter, 6 meter, 1-1 4 meter, 430-434 MHz, 446 450 MHz coverage inboard; three external converter provisions 
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adequate shielding and power-line bypassing is en¬ 
couraged. The recent proliferation of 27-MHz CB 
units increases the likelihood of annoying i-f break¬ 
through from strong signals in the 27-MHz range. 
Converters feeding the receiver should be of low or 
near unity gain to preserve receiver dynamic range. 
Modern designs without rf amplifiers, especially 
those employing hot-carrier diodes in double-bal¬ 
anced mixers or mosfet mixer circuits, are ideal. Of 
course, you can use your own converters; but con¬ 
verters with excessive gain should be followed by 
an appropriate T-pad attenuator to prevent receiver 
overload. 

An alternative to the i-f attenuator pads to bring 
the converters to or near unity gain was suggested 
by Hamtronics . The Hamtronics C25-series conver¬ 
ters produce between 10-20 dB gain, depending 
upon the band and device alignment. 

The cascade front-end stage in the C25 converters 
is broadbanded; slight stagger tuning of these stages 
yields the desired 4-MHz bandwidth. However, the 
i-f output transformer at 28 MHz has a comparatively 
narrow passband. Resistive loading of the i-f trans¬ 
former primary broadens the i-f passband while also 


decreasing converter gain, which eliminates the need 
for external attenuators. The approach used on the 
C25 converters should be adaptable to other makes 
of converter that exhibit a restricted i-f passband and 
excessive gain. 

The Hamtronics -series converters designed by 
Jerry Vogt, WA2GCF, were used for the vhf conver¬ 
ter front ends of this receiver. Kits are available at 
modest cost. Three Hamtronics converters cover the 
three vhf bands: a P25-50 for 6 meters, a P25-150 for 
2 meters, and a P25-220 for 1-1/4 meters. 

Since the 3/4-meter band is 30 MHz wide, two uhf 
converters were needed to monitor this band ade¬ 
quately. One is for the 430-434-M Hz DX segment; 
the other is for the 446-450-MHz range, covering the 
400-MHz fm repeater output channels for the north¬ 
east corridor of the U.S. These are unity-gain con¬ 
verters, and, when used without an external rf ampli¬ 
fier, don't require the T-pad i-f attenuators. 

Receiver use is not limited to amateur frequencies. 
Suitable converters provide many enjoyable hours 
monitoring commercial and military air traffic, police, 
radio-telephone, weather bulletins, municipal and 
federal government, and much other interesting vhf 



LI - L5 wound on 13 mm (0.5 in.) OD type E toroid cores 
LI 12 turns 0.5 mm (no. 24) wire 

L2 12 turns 0.5 mm (no. 24) wire 

L3 12 turns 0.5 mm (no. 24) wire 


L4 30 turns 0.5 mm (no. 24) wire 

L5 16 turns 0.8 mm (no. 22) wire; 

link to vfo is 1 turn 0.8 mm (no. 22) wire 

SI 6-pole, 4-position bandswitch (see text) 


fig. 1. Rf amplifier, first mixer, and vfo filter. The fets are MPF121, SK3050, or equivalent. 
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Top view of the receiver showing the rf amplifier and first 
mixer. 


activity. Even the hf frequencies can be up-con¬ 
verted, as DeMaw did in his "Receiving Package/' 
reference 1, to produce a truly all-band receiver. 

mixers and filter arrangements 

Vfo injection from 15,3-19,3 MHz is supplied to 
gate 2 of the first mixer, (an MFE/MPF121), A Piezo 
Technology Model 1433 crystal filter, which has 13- 
kHz bandwidth with a 10.7-MHz center frequency, 
follows the mixer and acts as an IMD filter, which 
protects the second mixer from strong out-of pass- 
band signals. The 13-kHz bandwidth of this filter sets 
the maximum receiver selectivity. (It's electrically 
similar to the KVG XF9A filter.) 

A 10.245-MHz crystal-oscillator signal, mixing with 
the 10.7-MHz i f signals in the second mixer stage 
(fig. 4), produces the 455-kHz t-f. Four 455 kHz Col 
lins mechanical filters follow, which select the 
desired 455 kHz i-f bandwidth, Selectivity positions 
of 16, 8, 4 and 2 kHz are provided by the four filters. 

The use of so many expensive mechanical filters 
may appear extravagant, but they permit versatility. 
The 4-, 8-, and 16-kHz filters were salvaged from a 
demolished R390A i-f strip purchased at a hamfest 
for $5.00. The 2,1-kHz filter was purchased at 
another for only $18 00. A 2- or 3 kHz filter will serve 
the majority of ssb and CW vhf requirements, and a 
simple LC bandpass filter, made up from i f trans¬ 
formers, will be adequate for fm or a-m reception if 
inexpensive mechanical filters aren't readily avail¬ 
able. Note that in this receiver, the 16 kHz filter pass- 
band is limited to 13 kHz by the selectivity of the 
Piezo Technology filter. A 20-kHz, 10.7-MHz filter 
would have improved this situation, but I used mater 
ials on hand. The additional cost of a new filter was 
not justified. 

The vfo (fig. 2) operates in the 15,3-19.3-MHz 
region in four bandswitched 1 MHz segments. 
Mechanical rigidity and electrical stability are para¬ 
mount watchwords for a vfo working this high in fre¬ 
quency. Careful mounting of all vfo components and 
elimination of chassis flexing and dial backlash are 


important for good vfo performance. The chassis 
was rigidly reinforced. The Eddystone dial assembly 
serves admirably. 

The use of polystyrene caps and good-quality cer 
arnic coil forms and trimmers help contribute to vfo 
stability. The vfo, built on 3-mm thick (1 8 in.) glass- 
epoxy board, was mounted beneath the receiver 
away from heat-producing components and drafts. 
The jfet oscillator is powered by a dedicated 5 volt 
regulator; the low voltage was helpful in reducing 
drift from rf component heating. The end result is a 
vfo exhibiting freedom from microphonics and drift, 
which permits extending monitoring periods without 
frequent and annoying retuning. 

Extensive filtering of the vfo second harmonic was 
necessary after a problem surfaced during monitor¬ 
ing of 29.6 MHz, Instead of amateur signals, several 
local CB operators were heard. When monitoring 
29.6 MHz, the vfo second harmonic is at 37.8 MHz, 
When mixed with the 27,1 MHz CB signals spurious 
responses were produced at 10.7 MHz, the first i-f! 

frequency counter 

Despite the excellent performance of the Eddy- 
stone 898 dial, the 1 MHz spread didn't permit the 
desired 1-kHz dial resolution, partially because of the 
physical limitations involved and also because of 
small inconsistencies in linearity between band seg 
ments caused by the bandswitched vfo circuit. 

An ideal solution would have been a counter com 
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43 pF NPO (15.3 16 3 MHz vfo; 26 27 MHz receiver) 

27 pF NPO (16.3/17.3 MHz vfo; 27 28 MHz receiver) 

27 pF NPO (17.3/18 3 MHz vfo; 28 29 MHz receiver) 
not used (18.3/19 3 MHz vfo; 29 '30 MHz receiver) 

LI - L4 9 5 mm (3/8 rn.) OD core ceramic, 7 turns 0,6 mm (no, 22) 
enamel wire 

fig 2. Vfo and buffer amplifiers. 
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puting the vfo, bfo, hfo, and vhf converter oscillator 
frequencies to give an exact frequency readout. The 
cost and complexity of such a counter, and the likeli¬ 
hood of generating spurious signals from the counter 
circuits, quickly ruled it out. The decision was made 
to use a counter, but to count and display only the 
vfo frequency (fig. 3). Up to the tens of kHz position, 
there is a direct correlation between the vfo and op¬ 
erating frequency, so a two-digit display supplies a 
direct readout of the tens of kHz and the receiver op¬ 
erating frequency (in kHz). Above 10 kHz, the Eddy- 
stone dial-calibration points and bandswitch position 
supply the hundreds of kHz and MHz readings. It's 
easy to include a third display for hundreds of hertz, 
but remember that, unless the other conversion 
oscillators are extremely accurate and set on fre¬ 
quency, the cumulative error makes this resolution 


meaningless. Of course, even a 1-kHz readout re¬ 
quires careful frequency setting and regulated power 
supplies. 

The basis for the counter was a circuit in the 
January 1976 issue of ham radio. 2 Its simplicity, small 
size, and low cost made it appealing for this applica¬ 
tion. It's built on a small 102 x 102 mm (4x4 in.) 
square of glass epoxy vectorboard and is sandwiched 
between two aluminum plates that provide shielding 
and a ground plane for the counter. No birdies from 
the counter were heard in the finished receiver. 

I used an MD-640 incandescent 7-segment display 
in place of LED displays. The MD-640s are brighter, 
cheaper, and don't require current-limiting resistors 
for each segment as in the case of their solid-state 
counterparts. The display was also more uniform 
than that produced by most bargain-basement LED 


560 


9/0 


v cc 



fig. 3. Frequency display. 1C numbers refer to the article in the January, 1976, issue of ham radio (reference 2). 
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Overall top view of the receiver. The M filters are mounted 
in the upper left. The ICs for the counter ere mounted in the 
upper right. Note the shielding on both sides of the counter 
boa rd 

displays, A window for the readouts was carefully 
milled through the steel Eddystone dial plate. A piece 
of gray plexiglass behind the window provides con* 
trast for the display readouts. 

M strip, age detector, and amplifier 

The output of the selected 455-kHz filter goes to 
our first 455-kHz stage, an MPF102 fet (fig. 5L This 
stage provides some gain and a good termination for 
the relatively high filter impedance, but primarily it's 
an age attenuator. 

The next two stages of i-f amplification employ 
two high-gain MCI550 ICs. The i f interstage trans¬ 
formers, from the Radio Shack general replacement 
line, are resistive loaded rather heavily for stability 
and to ensure the i-f amplifier is broadband enough 
not to restrict the broader selectivity positions. 
(While aligning the i-f amplifiers, it may be necessary 
to remove the loading resistors to see the peak at res¬ 
onance.) The last i-f amplifier is a single 2N3904 tran¬ 
sistor stage. It is not under age control and is design 
ed to have sufficient output to drive the age detector 
and demodulators. 

A pair of germanium diodes in a voltage doubler 
rectifies the i-f signal and presents a proportional dc 
level to a 2N3053 dc amplifier. The 2N3053 provides 
an increasing voltage potential during periods of age 
action for reducing the MC1550 i-f stage gain and 
conversely, a decreasing dc potential for gain reduc¬ 
tion in the MPFI02 i-f amplifier and MFE121 
preselector, 

A selectable RC time constant controls the age re 
sponse; for simplicity the mode switch selects the 
age time constant appropriate for the mode selected. 


Age voltage is also used to provide the signal 
strength meter reference voltage. If the gains of all 
the converters are equalized, the meter may be cali¬ 
brated in microvolts instead of just providing a rela¬ 
tive signal-strength indication. My converter selector 
switch also provides age voltage to the converters, 
but external age was not advised for use with the 
Hamtrontes converters. 

Ssb or CW reception is accomplished with a hot- 
carrier-diode product detector circuit inspired by 
another article. 3 The bfo is on the same board. 
Because of the high cost of 455-kHz crystals and the 
advantages of a variable bfo, the tunable bfo route 
was taken. Use of Radio Shack transformers was 
again made in the product detector and bfo circuits 
(fig, 6). Note that several volts p-p of bfo energy are 
required for diode saturation and proper operation of 
the detector. The bfo signal is amplified to prevent 
pulling and to develop ample hfo injection voltage. 
Recovered audio is dean sounding and not fatiguing, 
indicating low harmonic distortion from this circuit. 

The a-m detector (fig. 6) is simple and requires lit¬ 
tle explanation, A half-wave rectifier, consisting of a 
slightly forward-biased hot carrier diode for im¬ 
proved low-level signal detection, rectifies and 
detects the a-m signal. A low noise audio preampli- 



FI P4 Collins 455-kHz mechanical filters 12, 4. 8. and 16 
kHz used! 

IMQ filter Pie/o Technology model 1433; 6-dB bandwidth: 13 kHz 

LI wound on 13-mm 10.5 in.) OD type E toroid (red) core. 

26 turns 0.8 mm {no. 2 2) enameled wire; tap 10 turns 
from cold end 

Si 4 position, 2 po Ies; s h mId between wa f era 

S3 filter switch; 2’ pole, 4 position wafer 

fig. 4. Second mixer. 
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fier increases audio level. As with the product detec¬ 
tor, a-m audio is clean and pleasant sounding. 

fm detector 

The 455-kHz i-f signal directly feeds the fm detec¬ 
tor board, bypassing the mode-selector switch that 
feeds the a-m and ssb detectors (fig. 7) as selected. 
A single Motorola MC1355 i-f amplifier and limiter 14- 
pin 1C performs all fm signal-processing functions. 


hybrid module designed for use in their Tac-Tec 
series vhf-uhf fm portable communication radios 
(fig. 8). Unfortunately, the exotic device is available 
only directly from RCA or one of their authorized 
two-way service centers. Distributor cost is around 
$28.00; user suggested price is close to $38.00. 

The 432141 is noise operated. A 390-pF coupling 
capacitor from the recovered fm ratio detector audio 
provides the high-frequency audio noise components 



fig. 5. f-f amplifiers and age detector and amplifier. 


Originally I had planned to use the Miller type 8806 
discriminator transformer with the MC1355, but after 
a two-month wait on a back order my distributor 
shipped me the 8805 ratio detector as a substitute. 
Minor circuit changes will allow use of either trans¬ 
formers with comparable results. 

Both the ratio detector and discriminator circuits 
provide a plus or minus dc voltage to indicate proper 
tuning of the received frequency. The detector will 
drive a zero-center microammeter directly. The meter 
I used had a zero-center, ±6 V movement. A dc op¬ 
erational amplifier was necessary to drive it. 

Center-tune meters are commonly associated with 
tunable fm receivers, although they're useful in tun¬ 
ing a-m signals as well. For this reason, and for 
squelch operation, the fm detector is operational in 
all modes and isn't affected by mode-switch position 
except for the selection of fm audio. 

The squelch circuit centers around a single RCA 


for squelch operation. A 50k front-panel pot allows 
setting the squelch threshold point. 

The design of the LM-380 audio amplifier (fig. 9) 
provides a convenient method of squelch control. 
One pin of the LM-380 is for optional bypassing of an 
internal voltage divider supplying operating bias to 
early amplifier stages of the LM-380. The squelch- 
gate output (pin 12) of the 432141 module, fig. 8, 
holds this bias point at ground to mute the receiver. 
Because of the dc-coupling design of the LM-380, a 
simple RC time constant between the squelch mod¬ 
ule and audio PA prevents an annoying speaker 
"pop" during squelch action. External receiver mut¬ 
ing is also provided by supplying an external ground 
to the same point on the LM-380, 

The versatile 432141 squelch module also has pro¬ 
visions for a time constant, provided by an RC net¬ 
work, to prevent receiver squelch action while receiv¬ 
ing rapidly fading signals from mobile stations. In this 
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NOTES 

t.p DENOTES POLYSTYRENE CAPACITORS 

2 RED CORE DENOTES BROADCAST - BAND LOCAL OSCILLATOR COIL 

3. MPF/02 SHOULD BE HIGH GRADE. A 2N5486 CAN BE 

SUBSTITUTED. 

4. REDUCE FOR MORE AUDIO. 


fig. 6. Ssb beat-frequency oscillator and product detector, 
A, and a-m detector, B. 

receiver the time constants are mode-switch selected 
for best performance. A 120 microsecond squelch 
dropoff is used for a-m and fm signals; an appreciab¬ 
ly longer delay is provided for ssb signals. Pin 4 of the 
432141 module is an inverted-output of the pin-12 
squelch gate, which mutes the LM-380 audio PA. I 
used pin 4 to light a front panel call lamp through a 
dc amplifier to indicate band activity. 

Recovered fm audio is fed through an active audio 
filter in the 432141 module (3 dB gain) for conven¬ 
tional 6-dB-per-octave de-emphasis audio processing 
of the received signal. Note that pins not shown on 
the schematic for the 432141 module are active and 
are used for special applications of the RCA radios: 
quiet channel and fast mute. All unused pins should 
be unterminated. 

As the 432141 requires only 10 volts for proper op¬ 
eration, a 5-volt zener drops the 15 V dc supply bus 



to a suitable level. The RCA-module pins are not 
keyed; refer to fig. 8 for pin alignment. Caution: The 
chip can be installed 180 degrees around, and will be 
damaged if done so. 

Since the receiver could be used for casual moni¬ 
toring of various citizen and amateur services over its 
basic 26-30 MHz i-f tuning range, sensitivity and 
noise figure were contributing factors in its design 
criteria. More often than not, converters for frequen¬ 
cies above 400 MHz employ passive mixing devices, 
often without the aid of an integral rf preamplifier. 
Since these converters exhibit negative gain, not 
only does the mixer noise figure play a large role in 
system performance, but also the noise figure and 
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sensitivity of the i-f strip are important if optimum re- 
suits are to be realized. 

A single stage rf amplifier is used, using a Motorola 
MFE121 dual-gate mosfet (fig, 1), Age control over 
the RFA is through the dc biasing level on gate 2. A 
small ferrite bead directly on the gate-2 lead inhibits 
parasitic uhf oscillations. The 20-30 MHz input and 
output coils of the RFA are resistive loaded to im¬ 
prove bandwidth, stability, and to reduce front end 
gain. While the resistive loading provides sufficient 
bandwidth to allow operation over each 1-MHz range 
without cumbersome preselector tracking capaci¬ 
tors, additional trimmers are bandswitched on the 



fig, 8. Noise squelch circuit for fm, a-m. and ssb reception. 


lower three receiver ranges for proper RFA op 
oration. 

A Minilabs MLA-1 double-balanced mixer was 
tried in the first version of the receiver. Exotic power 
fets for impedance matching, high locahoscillator-m- 
jection requirements, and cost soon eliminated this 
scheme. The old axiom "simplest is often best" was 
proven in the final circuit used for the first mixer. 
Another MFE121, using conventional gate-2 local-os¬ 
cillator injection, is employed, A ferrite bead again is 
required on gate 2, as in the RFA stage. Impedance 
transformation between the mixer output and the 
10.7-MHz filter is through a capacitive divider across 
the mixer output tank circuit. 

Vfo injection to the MFE121 mixer is filtered 
through a simple single LC toroidal stage, which 
reduces vfo harmonics and subsequent spurious 
receiver responses, as mentioned later. Because the 
vfo range covers 15.3-19.3 MHz in four 1 - MHz steps, 
bandswitching of trimmers, as in the RFA stages, 
was required to resonate the filter on three lower 
ranges. The relatively low vfo injection frequencies 



fig. 9. Receiver audio circuit. 


and the desired high circuit Q prevented broadband¬ 
ing of this stage. As a solution, a 3-10 pF variable ca¬ 
pacitor mechanically finked to the vfo main tuning 
capacitor provides filter tracking with the vfo fre¬ 
quency, The purpose of the 2-18 trimmer in series 
with the vfo tracking capacitor (fig, 1) is to set a 1- 
MHz tuning range for the filter. 

During alignment considerable back-and-forth tun¬ 
ing and peaking are required to adjust the vfo ranges, 
tracking, and LCTilter range. 

The 10 pF capacitor coupling the LO injection to 
the mixer was empirically chosen. At 29.6 MHz, the 



The right-angle gear drive is used to select on l-f filter 
mounted on the top of the chassis. The four trimmers, 
behind the dial assembly, are used in the main receiver vfo 
to select the different frequency segments. 
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FIG. 6 ' 

FIG. 6 ' 

FROM A-M AUDIO (FIG.6) 

FROM F-M AUDIO (FIG. 8} 

FROMSS8AUDIO (FIG.6) 

TO A-M DETECTOR (FIG. 6) 

TO SSB DE TECTOR(F/G. 6) 

o 

0 

fig. 10. Power supply and switching arrangements. 



vfo operates at 18.9 MHz. The second harmonic of 
the vfo is 37.8 MHz. If sufficient 37.8-MHz harmonic 
energy reaches the mixer, signals at 27.1 MHz are 
readily converted to the 10.7 i-f output. If the coup- 
ling capacitor is too large the harmonic injection 
becomes excessive; if it's too low mixer gain suffers. 
My receiver (worst case) has close to 50 dB of spuri¬ 
ous rejection, or a 300-microvolt signal on the spuri¬ 
ous frequency will produce a signal equivalent to 1 
microvolt on the operating frequency. 

construction 

The photographs show placement and mounting 
of the major receiver components. The cabinet and 
chassis is a LMB type CO-1 enclosure. The five Ham- 
tron/cs converters were mounted vertically on alumi¬ 
num plates for space conservation and rf shielding. 
The two uhf converters were mounted on the left top 
side of the chassis, while the three vhf units flank the 
right side. The vfo counter is mounted vertically be¬ 
tween the front panel and the uhf converters; the 
counter board is sandwiched between two aluminum 
plates for shielding. The chassis center was used for 
the 28-MHz rf amplifier and first mixer. The board is 
recessed below the chassis for access to the band- 
switch assembly. 

Behind the S-meter and the 455-kHz Collins filters, 
another vertical shield supports the PC-board assem¬ 


bly for the 10.7-MHz IMD filter, second mixer, and 
the second conversion oscillator. 

The bottom of the chassis is dedicated to the 
power supply components, left rear; the 455-kHz i-f 
stages and age detector, right side; the vfo compo¬ 
nents, front center; multimode detectors, the 
squelch, and bfo, left front. 

The chassis was reinforced along the cutout for 
the 28-MHz front end to minimize chassis flexing. 
The vfo tuning-capacitor supports are of heavy- 
gauge metal for mechanical rigidity. The bandswitch 
assembly transverses the entire width of the chassis, 
front to rear, it was constructed from several disas¬ 
sembled switches salvaged from flea markets. Low- 
loss ceramic wafers are recommended. The first two 
wafers are for vfo bandswitching; the third is for the 
vfo injection-filter trimmers. Wafers 4, 5, and 6 are 
for rf amplifier bandswitching. L-shaped aluminum 
brackets were placed between wafer sections 2 and 
3, 3 and 4, and 5 and 6 for mechanical support and rf 
shielding. 
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subaudible 

tone encoders and decoders 


A review of the latest two-meter directory con¬ 
firms the impression } obtained from vacation trips 
and from amateurs visiting the greater Cleveland, 
Ohio area: Most amateur repeaters are still carrier ac¬ 
cessed, However, in localities where unoccupied 
two-meter pairs have become scarce and intermod 
problems on all bands more prevalent, some form of 
tone access is becoming more common. This situa¬ 
tion is particularly noticeable in the larger east- and 
west-coast metropolitan areas and along the Great 
Lakes* Some repeaters have optional guard systems 
that are turned on and off automatically or by the 
control operator, as conditions require* 

Both tone burst and Touch-Tone access control 
are used, but the most popular method seems to be 
continuous subaudible tone, commonly known as 
PL, from the Motorola trade name for the system 
"Private Line." A selectable guard system 1 that uses 
PL has been In use on the Cleveland 16/76 repeater 
for some time and has led to considerable interest in 
various types of encoders and decoders. This article 
covers experiences that other club members and \ 
have obtained about encoders and decoders we've 
bought or built, tried and discarded, or adapted to 
our use. 

First, let's look at some of the reasons for using PL, 
The advantages on a control or link frequency to 
which access is strictly limited are obvious. Anyone 
who is a repeater control operator in an area where 
more than one machine can be heard on the same 


I frequency can appreciate the advantage of having an 
encoder on the repeater transmitter and a decoder on 
his monitor receiver. 

PL on the repeater input also helps to minimize in¬ 
terference caused by intermod and sources other 
than amateur transmitters* In crowded areas, in* 
dividuals or small groups looking for a frequency on 
which they can experiment or operate a special- 
purpose repeater, can share the same channel with 
much less distance between their stations than 
would be required without PL * My point is that many 
reasons exist for using continuous subaudible tone 
on input or output other than a wish to operate a 
closed repeater. 

reed-type encoders 

The encoders most used on control and link fre¬ 
quencies, and by operators with converted commer¬ 
cial gear, are those in which a resonant vibrating reed 
establishes the tone frequency* The advantages of 
these encoders over other types of low-frequency 
oscillators include 1) reliability and stability under 
temperature extremes and supply voltage changes, 
and 2) ability to change frequency by merely plug- 
ing in a new reed. In addition, the reed encoder 
generates a pure sine wave, which does not need 
filtering* 

By Pat Shreve, W8GRG, 2842 Winthrop Road, 
Shaker Heights, Ohio 44120 
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Disadvantages include the cost of reeds (particu¬ 
larly if the user wishes to work several repeaters with 
different PL frequencies), and size. It is difficult if not 
impossible to fit a reed encoder into many of the 
popular hand-held and mobile transceivers. 

Early popularity of reed encoders and decoders led 
to the adoption of the standard commercial subaudi- 
ble tone frequencies for amateur use, shown in table 
1. These have carried over into the design and pro¬ 
duction of other types of equipment. Two reed en¬ 
coders, a decoder, and a combination en¬ 
coder/decoder are shown in the photographs. The 
circuit of the Communications Specialists* miniature 
encoder is shown in fig. 1. With a Motorola 
Vibrasponder reed, it produces a clean sine wave to 
3.4 volts rms; it will go higher, but the wave peaks 
will be clipped. These test results and those that 
follow were obtained with a 12.5-volt regulated sup¬ 
ply voltage; Output was measured with a precision 
ac voltmeter, and the wave form was evaluated by 




fig. 1. Communications Specialists miniature reed encoder. 
CR1 and CR2 are silicon diodes. Q1, 02, and Q3 are general- 
purpose npn silicon transistors. 


comparison with the output of a Heath IG-1B wave 
generator using a dual-trace oscilloscope. Tone fre¬ 
quency was 110.9 Hz. 

Fig. 2 is the circuit of a subminiature encoder built 
by our club according to a design used in some 
Motorola equipment. ! + k smaller than the original or 
the Com Spec unit. W.^e space is a problem, the 
reed and socket can be separated from the PC board. 
It produces an equally good waveform, but has much 
lower output: from 0.22 to 0.35 volt rms, depending 
on the reed. It works well if the transmitter has suffi¬ 
cient audio amplification between the PL injection 
point, which should follow any speech filters, and 
the modulator. 

tunable oscillators 

A number of tunable oscillator circuits have been 


Communications Specialists, Inc., 426 West Taft Avenue, 
Orange, California 92667. 



fig. 2. Lake Erie ARA subminiature reed encoder. 


tried as PL encoders by repeater groups in or near 
Cleveland. The most popular was the twin-T circuit 
shown in fig. 3, which came to our club from the 
Great Lakes repeater group in Detroit. It is com¬ 
pact, inexpensive, and can be assembled from readi¬ 
ly available parts by anyone with a minimum of ex¬ 
perience or equipment. For satisfactory performance 
the frequency-determining capacitors must be mold¬ 
ed Mylar or polycarbonate components, and preci¬ 
sion 1 % resistors should be used where shown. Even 
then, the circuit needs to be retuned occasionally 
and will give trouble in a mobile installation parked in 
a Lake Erie winter or in a desert sun. The wave shape 
is satisfactory, but the load and bias resistors may 
have to be changed for different output frequencies 
to prevent distortion. 

I also experimented with tunable encoders design¬ 
ed around a function generator such as the Intersil 
8038. Several pilot units showed promise, but none 
fully overcame problems of rf sensitivity and need for 
a more stable supply voltage than was easily ob¬ 
tainable in a mobile installation. 

digital encoders 

Use of a crystal-controlled oscillator to generate a 
stable frequency is nothing new; but until multistage 
dividers on a single 1C chip became readily available, 



fig. 3. Twin-T oscillator. Cl is not required in battery-pow¬ 
ered portables. Select R2 to give desired modulation level. 
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Ceramic resonator and crystal-controlled encoders and 
encoder-decoders. 



Communications Specialists eight-frequency encoder, 
encoder-decoder, end sub-miniature encoder. 


Crystai controlled encoder-decoders. 


Encoder-decoder designed by the author. 






Two reed encoders, reed decoder, and encoder-decoder 


Adcom crystal-controlled encoder-decoder. 


it was not practical to use high-frequency crystals to 
generate the low frequencies used in a subaudible 
tone encoder. Development of CMOS ripple count¬ 
ers, capable of division by factors in the thousands or 
millions, eliminated the need for bulky divider chains 
in low-frequency generators and timers and at the 
same time eliminated the need for a regulated 5-volt 
power source and sometimes difficult shielding 
against rf and external noise. 

Descriptions of the operation and application of a 
number of these dividers are found in manufacturers' 
publications. 2 - 3 Those of most interest for PL use are 
the 4020 and 4060, both capable of division by 16,384 
(2 t4 L The 4020 will accept input frequencies to 7 
MHz; the 4060 to 4 MHz. The 4060 includes an 
oscillator circuit that can be crystal controlled. 

Two approaches to the use of a multistage divider 
to reduce a crystal frequency to the PL range are 
possible; Use the fuli range of the divider and select a 
crystal that will give the desired output, or program 
the divider to give any desired output from an 
available crystal. 

Let's look at the unprogrammed divider, in which 


the crystal is selected for a specific output frequency. 
Only two ICs are needed, a 4020 divider and a 4030 
exclusive-0R gate, which serves as crystal oscillator 
and digital-to-analog (D-A) converter. The crystal 
frequency is the desired output multiplied by 16,384. 
The circuit in fig. 4 is such an encoder, designed and 
used by members of the Lake Erie Amateur Radio 
Association (LEARAI, which operates the Cleveland 
16/76 and 28/88 repeaters. The choice of whether to 
use a 1.0- or 2.2 fiF output-filter capacitor depends 
on whether you want a stronger signal (use 1.0 jiF) 
or a cleaner waveform (use 2.2 ^F), The unit leaves 
something to be desired in both respects, A better 
design could be worked out with a 4060 using the in¬ 
ternal oscillator and substituting an operational 
amplifier wired as a lowpass filter for the 4030 D A 
converter. 

Some may ask why a D A converter is needed at 
all. Certainly a square-wave digital output will 
modulate the transmitted signal; many solid-state 
CW identifiers use such an output. The trouble is, 
that on most amateur transmitters, square-wave 
modulation is far from subaudible. Many of the har- 
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monies in The square wave fall in the audible range, 
and the resulting signal can be very unpleasant. Reed 
encoders have a dean sine-wave output. 

Another device equivalent to crystal control is 
used in several Communications Specialists en¬ 
coders* It is a ceramic resonator much like an i-f filter 
operating between 250 and 500 kHz* The small size 
of the resonator and a special 1C make possible the 
Com Spec microminiature ME-3 tone encoder, which 
is hardly larger than a postage stamp* The ME-3 cir¬ 
cuit is shown in fig* 5* The special 1C contains the 
oscillator, divider, and gates, which form a lowpass 
square wave to sine-wave converter* The output is a 
clean sine wave adjustable to any level to 3.2 volts 
rms. The output frequency can be changed by plug¬ 
ging in a different resonator. Similar circuitry is used 
in the ME-8 encoder, which provides for selection of 
one of eight frequencies by electronically switching 
the resonators, and in the combination encoder- 
decoder discussed later. 





fig. 4* Lake Erie ARA crystal-controlled encoder. 



Eight-frequency encoder with ceramic resonators. 


is lowest in the range between 3,0 and 10.99 MHz. 
To illustrate how the divider is programmed; assume 
a crystal frequency of 3.066 MHz and a desired out¬ 
put of 110.9 Hz* The division factor is 


7, 066,000 
110.9x4 

= 6912 

subtract 2 1 ? 

4096 


2X16 

subtract 2 12 

2048 
768 

subtract 2 10 

512 


256 

subtract 2 9 

256 

zero 


Encoders in which a single crystal is used to gener 
ate multiple output frequencies can also be built with 
a 4020 or 4060 CMOS divider. Both these ICs can be 
reset to zero at any point in their counting cycle by a 
high-level input to the reset inverter* Since outputs 
are available from all divider stages from 4 through 
14, diodes can be used to combine outputs to give a 
reset pulse after any combination of 16 oscillations of 
the crystal* 

In my experiments, the range of crystal frequen¬ 
cies has been limited on the high side by divider 
capability and on the low side by crystal cost* For 
reasons explained later, the last divide-by-four step is 
performed by a separate device, so the divider output 
should be 4j PLl where f PL is the desired encoder 
output* 

The lowest of the standard tones in table 1 is 67.0 
Hz. The maximum capability of the divider is 2 14 or 
16,384, so the top limit on the crystal frequency is 
67.0x 4x 16,384= 4,391 MHz. 

My lower limit is 3 MHz, based on the price of an 
International Crystal general-purpose crystal, which 


This example shows that when G9, Q10, Q12, and 
Q13 outputs are all high at once, the counter will 
have divided by exactly 6912* If four diodes are con¬ 
nected with anodes to these outputs of the 1C, and a 
common cathode lead is connected to the reset in¬ 
put, the counter will reset to zero after dividing by 
6912. A similar calculation will show that diodes con- 



fig. 5. Communications Specialists micro-miniature en¬ 
coder. Values of Cl r C2, and C3 and connection to pin 6 or 7 
of U1 depend on frequency. U1 is a custom-made !C; K1 is a 
ceramic resonator* 
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Reed encoder decoder circuit board 


nected to G10, Git, Q12, and G13 will result in a 
division factor of 6780 and an output of 
1066,000+ 7680= 199 21 Hi, which is 4 x 99 8 Hz 
well within tolerance of a 100 Hi PL . 

The reason for the external division by four is that 
a divider output programmed in this way is not the 
50% duty cycle square wave desired for easy conver¬ 
sion to a sine wave. If the counter output as used to 
drive a dual flip-flop, such as a 4013, it will divide by 
four and give the desired wave; or if the encoder is to 
be coupled with the decoder described later, the 
divide-by-four operation can be performed by the 
decoder shift register. 

One encoder of this type is made by AvcomT No 
circuit diagram is available and the ICs are unmarked, 
but the encoder apparently uses a 4020 divider and a 
4035 shift register to divide the output of a 3.334- 
MHz fet crystal oscillator, A 50% duty cycle square 
wave from the shift register is converted to an ap¬ 
proximate sine wave by an RC lowpass filter and 
amplified by an npn output transistor. Maximum out 
put of the unit I tested is 2.85 volts rm$. The output 
waveform is reasonably good between 1 and 2.4 
volts, but peak clipping occurs at higher levels and 
distortion appears below 0.8 volt. 

decoders 

Only two types of subaudible tone decoder I've 
tested have given consistently satisfactory results: 
the reed and the digital. I've heard of designs that 
use a linear 1C such as the NE567V, frequently used 
to decode Touch Tone, but I've never seen one that 
will perform satisfactorily at PL frequencies. 

To work as a PL decoder, the circuit should be suf¬ 
ficiently sensitive to respond! to any signal that will 
quiet the receiver, have stability equal to a reed en- 

*AvCOm. Inc,, P.G, Sox 29153, Columbus, Ohio 43299, 


coder, and have a bandwidth sufficiently narrow not 
to be triggered by a PL on an adjacent standard fre¬ 
quency (table 1). The circuit should have a "hang¬ 
up" connection that will release the receiver squelch, 
so that the operator can receive signals that don't 
have PL and can also monitor the frequency before 
transmitting. Outputs that will permit use with either 
pull-to-ground or pull-to-V+ squelch circuits are 
desirable. 

reed decoders 

The receiver on LEARA'S 16/76 repeater has two 
Motorola reed decoders. One is on the 110,9-Hz ac¬ 
cess tone and the other discriminates against the 
100-Hz PL used across the lake in Detroit, which 
minimizes interference from there when the 
Cleveland repeater is operating in the fully open car¬ 
rier access mode. The Motorola circuits are not 
reproduced here, but part and circuit diagram 
numbers are given for those interested. 4 ^ 

Sensitivity is quite adequate for the excellent 
receiver with which they are used. Capture band¬ 
width is less than ±1 Hz on a signal with a low PL 
level; hut once captured, the decoder will follow a 
shifting tone approximately 2 Hz either side of the 
nominal frequency, Tone filters are provided to 
eliminate the subaudible tone from the receiver out¬ 
put. The enable/disable function can be remotely 
controlled without difficulty, 

A reed decoder similar to the Motorola units is ob¬ 
tainable from Communications Specialists either as a 
separate miniature model or as part of a combination 
encoder-decoder using the same reed for both func¬ 
tions. The decoder circuit diagram is shown in fig. 6. 
Sensitivity is 2.5 millivolts at the reed frequency at 

tahle 1 Standard EIA subaudible lone frequencies Higher frequen 
cies nai listed ere not commonly used by amateurs 
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118 8 
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77.0 

XB 

131 8 

30 

79,7 
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4Z 
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ze 
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1Z 
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6A 
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1A 
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6B 
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which I tested it (nominally 110.9 Hz), Capture range 
is 1 0.15 Hz at this signal level and ±1,5 Hz at 20 
millivolts. Once captured the decoder will stay locked 
to a 20 millivolt signal to within ± 2.0 Hz. 

digital decoders 

Reed decoders generate a usable output when an 
incoming signal drives the reed at its mechanical 
resonant frequency. Digital decoders are not reso¬ 
nant circuits. They produce an output when the in¬ 
coming signal frequency matches that of a signal 
generated locally. The usual source is a digital en 
coder such as those described earlier. I've not found 
any published material on how or why the circuits 
operate but have built one that works. The diagram is 
shown in fig. 7. Here is what I think it does: 

The output of the fet crystal oscillator, G1, Is fed to 
U1. a 4020 divider, which is diode-programmed to 
output at four times the desired PL frequency. The 
diodes are on a plug in matrix board, permitting 
quick and easy frequency change. A 4060 used for 
the divider would eliminate the need for a separate 
oscillator. The divider output drives U2, a divide-by 
four flip flop, which in turn controls the frequency of 
an 8038 function generator. The divider also drives 
U5, the decoder shift register. The shift regfster is 
wired to supply V + to each of the four control inputs 
of U6 in succession. Since its input is at four times 
the PL frequency, the shift register drives each input 
of U6 high for 1 /4 of a PL cycle. 

U6 is a quad bilateral switch. When one of its in¬ 
puts is high, the corresponding 1-^tF capacitor is con¬ 
nected to U7, which is a quad operational amplifier. 
The incoming audio signal from the receiver dis¬ 
criminator is filtered and amplified. It is a square 
wave at the point of connection to U6. When its fre 



Miniature read encoder. 

quency matches the rate at which U6 is being cycled 
by the shift register, U5, the third and fourth stages 
of the op amp act as a switch to turn off G2, 
ungrounding the squelch connection. When the 
"hang up" switch is closed, G2 grounds the squelch 
connection unless a signal with PL is received. An in 
verter transistor can be added if V + is required to 
control squelch. 

The Com Spec encoder decoder works substarr- 
tially in the same way as that described above. It has 
several advantages, however — smaller size 
(because of the ceramic resonator and special ICs, 





fig. 6. Reed decoder. Transistors are general purpose silicon npn. CR1 and CR2 are silicon signal diodes. With the monitor circuit 
connected, the receiver will respond to a signal without PL when the "hang up‘ terminal is ungrounded 
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which combine several functions on one chip); lower 
cost; and a built-in audio filter to remove the PL tone 
from the receiver audio output. Instructions on how 
to connect it to most amateur equipment are fur¬ 
nished on request. Bandwidth of all digital decoders 
I've tested is comparable to the reed types. Sensitivi¬ 
ty is a little less but adequate for all the receivers on 
which I have tried them. 

decoder-detector and tunable encoder 

The encoder shown in fig. 7 uses a phase com¬ 
parator and function generator to provide a sine 
wave output. This is because I designed the circuit as 


a tunable PL detector, which permits the operator to 
match and retransmit an unknown PL frequency. 
The block diagram is shown in fig. 8. A 4PDT switch 
is added to the circuit of fig. 7, and the VCO portion 
of the 4046 is used. 

In the detect mode, the crystal oscillator is discon¬ 
nected. The VCO runs at four times the frequency of 
the function generator; this relationship is main¬ 
tained by the phase comparator, and the LED con¬ 
nected to pin 1 of the 4046 illuminates when the loop 
is in lock. The frequency-adjusting potentiometer on 
the 8038 function generator is accessible to the 
operator. 


+I2V 



TONE 

OUT 


ENCODER 


GND 



fig. 7. Encoder-decoder with programmable divider. The encoder schematic is at top; LED indicates when phase comparator 
loop is in lock. The decoder circuit is below; the 100k pot is used to adjust sensitivity. 
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Communications Specialists encoder decoder. 


To match a received PL frequency, the switch is 
thrown to detect and the frequency of the free- 
running function generator adjusted until the 
decoder output LED shows a frequency match* The 
encoder will then transmit the same frequency as 
that received. 

It's not ordinarily necessary to adjust the vco, 
which will hold its lock over a wide range of frequent 
cies. Although the function generator is free-running 
it will remain within PL tolerances for several trans¬ 
missions* The LED will show the need for re¬ 
adjustment whenever the incoming tone is received. 

The greatest limitation of this system is that to ac¬ 
quire a repeater with an unknown access tone, you 
must be able to hear another station on the input fre¬ 
quency unless the tone is being retransmitted. With 
the switch in the crystal position, the unit operates 
as a normal digital encoder-decoder. 


Micro-miniature encoder with ceramic resonator 


Each of the subaudible tone encoders and 
decoders described has its advantages and disad¬ 
vantages. Where space restrictions are not a factor 
and frequencies are not changed often enough to 
make the cost of reeds prohibitive, a reed-type unit is 
hard to beat for stability and clean output. The units 
with ceramic resonators are much more compact, 
however, and are comparable in performance. They 
cost less overall if many frequencies are wanted. 

My tunable model is for the experimenter or those 
who enjoy something different. It's not really as 
valuable to the traveling ham as one might think - 
even if you succeed in matching the unknown PL on 
that closed repeater that has been tantalizing you, 
you probably won't get anyone to talk to you when 
you do get in! 
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fig. 8. Block diagram of detector and tunable encoder based 
on encoder decoder shown in fig 7 
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pseudo-logarithmic display 


for the microwave 
spectrum analyzer 


This pseudo-logarithmic 

circuit for your 
home-built microwave 
spectrum analyzer 
provides good resolution 
and 40 dB dynamic range 


I In a recent article I described a microwave spec¬ 
trum analyzer which covered dc to 2.5 GHz with up 
to 2 GHz of dispersion, 2 MHz resolution, and 50 dB 
of dynamic range. 1 This analyzer was built almost 
completely from surplus materials and has been well 
received by the amateur microwave community. 
However, the instrument has one drawback: the dis¬ 
play graduations are linear rather than logarithmic. 
This limitation was discussed in the original article, 
and reader suggestions were solicited. 

Before my spectrum analyzer article appeared (but 
after the manuscript was finalized) ham radio pub¬ 
lished a very fine article by Jeff Walker, W3JW, on 
the design and construction of a high resolution 
high-frequency spectrum analyzer. 2 In that article 
Walker described a simple and effective circuit for 
providing his analyzer with a pseudo-logarithmic dis¬ 
play which allowed him to view 40 dB dynamic range 
at one vertical deflection setting. It seemed to me 
that this circuit would, with suitable modification, 
greatly enhance the performance of my analyzer. I 
am pleased to report that it did just that. 

circuit description 

Walker's circuit, shown in fig. 1, consists of an 
audio-frequency detector, lowpass filter, and a 
unique nonlinear diode limiter arrangement. My ana¬ 
lyzer already included an i-f detector diode, the out- 

By H. Paul Shuch f N6TX, Microcomm, 14908 
Sandy Lane, San Jose, California 95124 
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fig. 1. Pseudo-logarithmic signal-processing circuit 
developed by W3JW for use in a high-frequency spectrum 
analyzer. 2 


put of which I applied to Walker's filter/limiter cir¬ 
cuit. However, I found it necessary to change the 
value of Cl to achieve the desired video frequency 
response at high sweep speeds (a value of 1000 pF is 
acceptable for sweep speeds of up to 60 Hz). For the 
logarithmic shaper circuit I replaced the 1N914 
switch diodes with general-purpose Hewlett-Packard 
hot-carrier diodes. The final circuit values are shown 
in fig. 2. 

Note that the detector circuit I used in my original 
analyzer provides a positive-going video output. If 
one of the more common negative-output detectors 
were used, it would be necessary to reverse the po¬ 
larity of the Schottky diodes in the logarithmic shap¬ 
er circuit. 

performance 

This shaper circuit enabled me to easily view 40 dB 
dynamic range (+ 10 to - 40 dBm), with an unusual 
response which is very nearly logarithmic at 10 
dB/cm at very low (-20 to -30 dBm) and very high 
(- 10 to +10 dBm) signal levels. Intermediate ampli- 

Spectrum display of a 450-MHz signal source, as viewed on 
the microwave spectrum analyzer with logarithmic video 
processing. The desired signal is at +10 dBm; second har¬ 
monic is down 23 dB at -13 dBm. Fourth harmonic is clearly 
visible at 40 dB down (- 30 dBm). Also visible is a third har¬ 
monic component at approximately - 35 dBm. Total display 
dynamic range easily exceeds 40 dB. Note the non-uniform 
vertical deflection graduations, discussed in the text. 



tudes are "stretched" somewhat, as seen in the 
scope photograph. However, it is possible to meas¬ 
ure signal amplitudes to within one or two dB over 
the entire 40 dB range, once you get the hang of it. It 
is possible to view spectral components as far down 
as - 40 dBm, but scale compression at the low end is 
so great that you can only guess at the actual am¬ 
plitude. 

calibration 

The display response indicated in the photograph 
was achieved on my analyzer with i-f attenuation set 
at a minimum and video sensitivity at 50 mV/cm. The 
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fig. 2. Signal-processor circuit as modified by N6TX for use 
with his microwave spectrum analyzer. 1 


display was calibrated with the aid of a stable 10 mW 
signal source and a calibrated step-attenuator, by ob¬ 
serving changes in the display amplitude as various 
amounts of attenuation were switched in. Since 
every analyzer is likely to exhibit its own transfer 
characteristics, it's a good idea to perform a similar 
calibration yourself if you duplicate this project. 

One further point: When I change from low-band 
(dc to 2 GHz) to high-band (500 MHz to 2.5 GHz) 
coverage, the vertical scale calibration changes con¬ 
siderably . This is due to the difference in i-f gain with 
the i-f amplifiers operating at 2 and 1.5 GHz, respec¬ 
tively. Once the analyzer is recalibrated, however, I 
find it possible to easily resolve signal amplitudes 
over at least a 40 dB range, with the analyzer operat¬ 
ing in either band. 

Any feedback from readers who attempt to apply 
this or other signal-processor circuits would be great¬ 
ly appreciated. All correspondence which includes a 
stamped, self-addressed envelope will be answered. 


references 

1. H. Paul Shuch, WA6UAM, "Low-Cost Microwave Spectrum Analyzer," 
ham radio, August, 1977, page 54. 

2. Jeff Walker, W3JW, "High-Resolution Spectrum Analyzer for Single 
Sideband," ham radio, July, 1977, page 24. 
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1.2 ampere variable-voltage power supply 


Whether you are a neophyte just gening started 
with electronics, an old-timer who hasn't built any¬ 
thing since the days of the 807, or an amateur in need 
of a handy bench supply, here is project that you can 
complete in a weekend, yet does not contain any ex¬ 
otic or hard-to-find parts. To make the project even 
easier, an etched and drilled printed-circuit board is 
available. The components are available from stand¬ 
ard parts houses such as Allied, James Electronics, 
Lafayette, and Radio Shack. This should take the 
hassle out of getting the parts together to start the 
project. The finished product is a neat package that 
you can he proud to put your call letters on, and will 
find extensive use in your shack or on your work 
bench. 

circuit description 

The power supply furnishes a regulated dc output 
that js variable from 1.5 volts to 24 volts at 1.2 
amperes. The regulation is excellent and the ripple is 
so low that you can power just about any type device 
with it, from a high gain op amp to a little QRP rig. 
Although the unit is configured as a bench supply, 
don't overlook its use for new equipment designs, as 
well as for powering portable or small mobile rigs in 
the shack. The little supply will even run the kids' HO 
trains as I found out last Christmas when their power 
pack went sour on Christmas Eve. They used the 
meter on the power supply for a speedometer to see 
how fast The trains would go before jumping the 
track. 

The circuit, depicted in fig. 1, consists of three 
basic sections; a standard dc supply, a modern three- 
terminal regulator, and a metering circuit. The ac in¬ 
put (117 Vac GO Hz) enters through a three-wire cord 

By Ken Powell, WB6AFT, 6949 Lenwood 
Way, San Jose, California 95120 


for safety, placing the case of the supply at ground 
potential. A fuse is placed in the hot side of the ac 
line in case of a catastrophic failure, such as a short¬ 
ed power transformer. The power supply is turned 
off and on by SI, which is coupled to the output volt¬ 
age level control R3. With this arrangement you will 
not be so apt to connect a five-volt device to the 
power supply and flip on the power switch with the 
level control set at twelve volts. This feature can save 
a part or two from an unexpected smoke test. 

The power transformer steps down the 117 Vac to 
24 Vac and isolates the circuitry from the ac line. The 
transformer output is applied to a full-wave bridge 
rectifier circuit, CR1, which rectifies the 60 Hz ac and 
furnishes 120 Hz pulsating dc. The dc is then filtered 
by the input filter capacitor Cl. The basic power sup¬ 
ply furnishes about 35 volts dc when lightly loaded. 

The output from the basic power supply is applied 
to the input of the voltage regulator, U1, The output 
of the voltage regulator is controlled by a voltage di¬ 
vider network formed by resistors R1 and R3. As the 

The author's completed power supply. 
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R1 

220-ohm Vi -watt resistor (RS 271-000) 

FH1 

Fuse Holder (RS 270-739) 

R2 

50k-ohm trimmer resistor (RS 271-219) 

FI 

%-A slow blow fuse (RS 270-1288) 

R3 

5k-ohm w/switch (RS 271-1714 & 271-1740) 

HS1 

Heat Sink (Allied Radio 957-2650) 

Cl 

1000 M F/35Vdc capacitor (RS 272-1032) 

U1 

LM-317K (James Electronics LM-317K) 

C2 

2.2 jtF/35Vdc capacitor (RS 272-1407) 

Case 

(RS 270-254) 

T1 

24 volt/1.2A transformer (RS 273-1480) 

Spacers 

(RS 270-1393) 

CR1 

2A/100 PIV bridge rectifier (RS 276-1152) 

Heat Sink 


Ml 

0-1 mA meter (RS 22-052) 

Compound 

(RS 276-1372) 

BP1, 2, 3 

Binding Posts (RS 274-662) 




fig. 1. Schematic of the variable-voltage power supply. The lettered terminals are used to indicate where the leads enter and 
leave the printed-circuit board. All resistors are 1/2 watt tolerance; capacitors are rated at 35 volts dc. RS part numbers are 
available from Radio Shack. 



fig. 2. A full-size foil layout for the printed-circuit board. An etched and drilled board is available for $4.00, postpaid, from 
J. Oswald, 1436 Gerhardt Avenue, San Jose, California 95125. 
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fig 3. Parts placement diagram for the circuit board. 


value of R3 is varied, the output voltage from the reg¬ 
ulator varies accordingly; C2 is added to improve the 
performance of the regulator. A metering circuit is irv 
eluded to indicate the output voltage. A 0-1 mA 
meter was chosen since this seems to be the most 
common value available, with surplus units being ad 
vertised as low as $1.50. 

A small variable resistor, R2, in series with the 
meter provides an accurate means of calibration. The 
power supply outputs, both plus and minus, are iso¬ 
lated from ground so the unit may be used as a posi¬ 
tive or negative power supply. A ground terminal is 
also brought out to the front panel should its use he 
required under certain conditions. 

A full-sized printed-circuit board layout is shown in 
fig. 2. This layout assumes the components are the 


same size as the ones specified in the parts list. If you 
etch your own board, I would advise using glass 
epoxy board, rather than the lighter phenolic type 
board, since it must support the weight of the power 
transformer. The heavier board will provide a sturdy 
and stable package. 

When starting construction I temporarily mounted 
the four corner screws and standoff spacers to the 
board To protect the foil side of the board while it was 
handled during construction. Next, mount the power 
transformer as this will make a sturdy base to hold 
the board while the smaller parts are mounted and 
soldered. Coat the bottom side of U1 with heat-sink 
ing compound to form a good thermal junction be¬ 
tween it and the heat sink HSI, and mount them to 
the board. The remainder of the components can 
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now be mounted and soldered. Fig. 3 illustrates the 
component layout and care should be taken to 
observe the polarity of Cl, C2, and CR1. This com¬ 
pletes assembly of the basic board. 

If you are going to install the printed-circuit board 
in a chassis box as shown in fig. 4, it is best to install 
the interconnect wiring and the ac line cord prior to 
mounting the board. Slip a grommet over the line 
cord and solder the cord to the board. Next, solder 
the wires to the interconnect terminals at the front 
edge of the board and run them off to the left edge of 
the board and then double them back to the right 
edge of the board. Now, install the printed-circuit 
board in the chassis box and solder the wires from 
the front edge of the board to their respective com¬ 
ponents on the front panel, breaking them out at 
right angles to the board, parallel to their respective 
components. The loop left in the wiring between the 
terminals and the front panel components will allow 
the board to be removed and turned over for service, 
should it ever be requried. The ac line cord and grom¬ 
met are now placed in the cutout at the left edge of 
the rear panel. Again this is done to facilitate service 
to the board without unsoldering any wires. 

If you use the meter shown in the parts list, and 
wish to convert the scale to read volts rather than the 
original milliamperes, remove the plastic cover from 
the meter and the two small screws retaining the 
meter face. Then, you can erase the numbers with a 
typewriter eraser. With rub-on or decal numbers, 
replace the original markings as follows: change 0.2 
to 5, 0.4 to 10, 0.6 to 15, 0.8 to 20, and 1 to 25, leav¬ 
ing the zero digit alone. With a little care, you can do 
a very nice job on the meter and the neatly graduated 

Inside view of the power supply showing the printed-circuit 
board and most of the internal components. The bridge rec¬ 
tifier is mounted behind the heatsink for U1. 
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fig. 4. Mechanical details of the enclosure. 


scale will be 0.5 volts per division. If you want to skip 
the meter work, install a 0-25 volt dc meter such as 
the Lafayette 99P51039V, but in this case be sure to 
set the calibration trimmer R2 to its minimum resis¬ 
tance position. 

test and calibration 

The first step, providing you have used a 0-1 milli- 
ampere meter , is to set the calibration resistor to its 
maximum resistance position. Now set the meter to 
zero with the meter adjusting screw on the front plas¬ 
tic meter cover. Connect a VOM or VTVM, set to 25 
volts dc or higher, to the front panel output jacks. 
Plug the power supply into 117 Vac, advance the 
output level control to turn on the power supply, and 
adjust the control until the VOM or VTVM reads 25 
volts. Now, adjust the calibration trimmer, R2, for a 
full scale reading of 25 volts on the panel meter Ml. 
Next, check the readings at 20, 15, 10, and 5 volts. 
The panel meter should track your VOM or VTVM 
readings quite closely, with the greatest accuracy be¬ 
ing achieved at the upper end of the scales. 

To check the load regulation, set the power-supply 
output at 6 volts and apply a load, such as three no. 
47 pilot lamps in parallel, to the output jacks. No 
change in the meter readings should take place as 
the load is applied and removed. If you have a scope, 
you can look at the power supply output under load, 
but under moderate load it is virtually ripple free. In 
the absence of a scope you can listen to the output 
with a pair of high-impedance headphones coupled 
through a 0.1 pF capacitor, with silence being the 
rule. The ripple on both of the supplies I've con- 
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fig. 5. Full-scale meter face after modification. 


structed was so low that I could not measure it with 
my old scope. If the supply meets the above param¬ 
eters it is time to put it to work; don't worry about 
hurting it because it can take just about all the abuse 
you can dish out. 


I have built two of these units and use them on the 
work bench, as I always seem to need both plus and 
minus voltages at the same time. Both supplies have 
been excellent performers. The esthetics of the fin¬ 
ished product is proportional to the effort you put in¬ 
to it, but I found that you can actually build one of 
these supplies in a single weekend, have it look as 
good as a commercial product, and still have time for 
a late night QSO or two. 

There are many variations that could be made, 
such as placing two boards in a single enclosure and 
making a dual output supply, or adding a switch and 
a meter shunt to allow the reading of output current. 
The fact that all the components are easily obtained, 
a ready made board is available, and there are no crit¬ 
ical adjustments make this bench supply an enjoy¬ 
able project; I hope you get as much satisfaction 
out of building and using it as I have. 

ham radio 


keyboard cleaning on the HP-35 calculator 


Owners of HP-35 and equivalent pocket calcula¬ 
tors may be experiencing some problem with key¬ 
board operation. Problems such as a double entry or 
intermittent function is usually due to dirt under the 
keyboard contacts and is easily corrected. 

The Hewlett-Packard series uses thin spring strips 
for key switches separated by a single, thin plastic 
sheet from the buttons. The sheet provides a barrier 
to prevent dirt and moisture from entering the con¬ 
tact area and will wear through after a year or two of 
operation. The sheet is the major source of trouble, 
not the contacts. 

Plastic sandwich bags of polyethylene are a good 
source of replacement material for the sheet and may 
be used in one or two-layer thicknesses.* A common 
problem is how to open the case. 

Models 35, 45, and 55 all use six screws for the 
main case. Two are easily accessible in the battery 
compartment, two are under the bottom feet, and 
the remaining two are hidden by the instruction label. 
The label is made of aluminum foil stock and its ad¬ 
hesive backing allows easy removal; if you have had 
one this long, you don't need the instructions. Keep 
the keyboard side down when removing the screws. 
When open, the small circuit board screws are easily 
visible but be careful of the double-wire contacts 
joining it to the main board. 

*Mylar and Teflon sheet has been tried by some but does not work as well 
as the polyethylene sandwich bag plastic. Glad bags and Baggies material 
has been very successful locally. 


The main board is screwed to the case top and re¬ 
moval will expose the barrier sheet and key buttons. 
Use the old sheet for a pattern, tracing the outline 
and access holes with a felt marker (Sanford Sharpie 
or equivalent). Be sure to keep the old sheet for 
future repair. 

A clean, fine-bristle artist's brush is good for clean¬ 
ing the area between switch spring strips and contact 
surface. It is better to work "dry" than to use com¬ 
mercial cleaners since these usually leave a residue. 
Isopropyl alcohol is good and ordinary rubbing alco¬ 
hol is suitable even though it contains some water. 
Inspect the contact area with a magnifier for any 
stray hairs; a good artist's brush will have bristles 
firmly attached but some may break off. 

This is also a good time to clean the buttons and 
case front. A lattice-like frame of plastic holds the 
buttons from the back. Use extra caution in remov¬ 
ing this. Once removed, the buttons will simply fall 
out. Ordinary hand soap and water is an excellent 
cleaner and will not harm the plastic or markings. 
Use a bowl to contain the buttons and soapy water 
— all buttons are individual and it is too easy to lose 
one or two down a basin drain. The slide switch has a 
separate contact with special lubricant and the con¬ 
tact must be removed and set aside. 

On reassembly, check button locations with the 
owner's manual. Do not force the screws into the 
plastic case or use too much torque; the original 
threads are quite adequate. 

Leonard H. Anderson 
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...it works the world on a couple of watts! 


In 1977 Norm North, WA1D3R, was assigned to Thule, 
Greenland. With him went his Heath HW-7, a dipole an¬ 
tenna, and a goal...work ail SO states! 

Norm failed! But what he did accomplish in three months' 
time, with his HW-7 and the call OX5AB. is nothing short 
of amazing! Worked: 41 states, 30 countries, including a 
PY4 in Belo Horizonte, Brazil, and l irst Place. High-Band 
GW Greenland, in the 77 ARRL International DX Compe¬ 
tition! Quite a record! 

In Norm’s words: 'I honestly believe that I could have 
worked all states and perhaps DXCC if 1 had stayed in the 
Arctic a bit longer. This is quite a tribute to that little rig..." 

We'd agree, and we bet Norm would have done even bet¬ 
ter had he been using a new Heath HW-8! Why? Because 
our engineers felt they could give you a much finer QRP 
rig than the HW-7. One with better sensitivity, lower hum 
and noise figures, an RF gain control, sharper preselector, 
switc hable selectivity, more bands to operate, and even a 
bit more power! 


Why don't you take up the challenge? Build an HW-8 kit. then 
join the growing ranks of outstanding QRP operators, like 
Norm, who are proving you really can work the World on a 
couple oi watts! 
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change without noiiro 
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They succeeded in a big way! And the result of their 
efforts is a truly superb CW transceiver for the QRP 
operator that costs just $129,95*...the Heathkit HW-8! 
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radio sounding system 


An unusual 
application of 
amateur radio for 
atmospheric studies 


How many of you vhf enthusiasts have experi¬ 
enced the thrill of "an inversion DX contact" and 
later wondered just what caused it? Such a phenom¬ 
enon is caused by weather. Here's a sounding sys¬ 
tem that you can use to find out what's happening in 
your area. The heart of the system is called a radio¬ 
sonde. 

A radiosonde (or sonde) Is a remote weather sen¬ 
sor that uses radio signals to furnish, by telemetry, 
data to a ground-based receiver and recorder, A 
radiosonde is usually carried aloft by a helium-filled 
balloon. From high above it sends back atmospheric 
information. Weather services use such devices 
daily all over the world to develop weather forecasts. 
While the radiosonde described here is a scaled- 
down version of its bigger cousins, it will allow in¬ 
terested vhf experimenters to study the atmosphere 
up to several thousand feet (or kilometers}* Maybe 
you can forecast the next big tropo opening! 

system description 

Fig. 1 illustrates the amateur weather telemetry 
system, It consists of the airborne radiosonde and a 
ground-based station that includes a uhf converter, 
id stage, oscilloscope, frequency-to-voltage (F/V) 
converter, and a chart recorder. 

Radiosonde* A schematic of this little unit appears 
in fig. 2. It consists of a sensor, modulator, and a 
uhf transmitter that operates in the 420-425 MHz 
portion of the amateur 70-cm band. 

Anything set aloft on a balloon doesn't stand 
much chance of being seen again, so I've kept the 
circuits simple and the costs down. This is especially 
important if you're planning to use these circuits in 



any quantity, (A parachute design is included to 
help increase the odds of retrieval.) 

The sonde shown in fig, 2 was originally modeled 
after one built by the Argonne National Laboratory 
for use in the 403-406 MHz band It operates around 
422 MHz and has few circuit modifications. The 
transmitter doesn't drift more than ± 1 MHz, so op¬ 
eration near the band edge is quite safe. 

The sonde measures temperature changes and 
transmits the data to the ground station, A small 
thermistor, RT, changes value with temperature. 
Thermistor RT and capacitor CX form an RC circuit 
that provides an audio signal, which varies as a func- 



Vitiw showing the inside of the audio-processing stage and 
the freguency/voltage converter. 


tion of temperature. This tone modulates G2, the 
transmitter, which provides a uhf fm signal. Al¬ 
though power output is only milliwatts, when the 
sonde is several thousand feet (or several km) up, its 
signal can be heard for hundreds of square miles. 

The sondes are constructed on small epoxy PC 
boards (fig. 3)- Half the board holds the compo- 


By Larry L. Jack, KL7GLK/3, 1 East Lake 
Drive, Bay Ridge, Annapolis, Maryland 21403 
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nents, while the other half is a convenient place to 
tape the 9-volt battery that powers the sonde. 

Receiver. Now what's needed is something to re¬ 
ceive these interesting weather signals. I use an in¬ 
expensive fm broadcast tuner (Lafayette ST-22) for 
a variable i-f amplifier. It has afc and the wideband 



RG-8/U COAX 


FV converter 

The next stage accepts the audio signals from the 
i-f amplifier and converts them to a dc voltage. It's a 
model 4714 frequency-to-voltage converter made by 
Teledyne Philbrick and is driven by two audio stages 
that provide limiting and amplification. (See fig. 4.) 
A dc voltage from the FV converter drives a chart re¬ 
corder. The recorder should have a full-scale range of 
5 volts. When everything is working properly, a rise 
in temperature at the thermistor will cause an in¬ 
crease in voltage, which can be measured at the 
chart recorder. 

tune up 

An oscilloscope is useful for tuning the system and 
for general operation. The scope is connected to the 
audio output from the tunable i-f stage. With the uhf 



fig. 1. The amateur weather system, consisting of airborne 
telemeter and ground station. Radiosonde, lifted aloft by a 
helium-filled balloon, transmits temperature changes to the 
ground station on the amateur 70-cm band. 
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capability to receive the sonde's broad, drifting sig¬ 
nal. It costs less than the parts needed to build a 
comparable i-f; but if you have the urge, feel free to 
experiment. 

A Vanguard Labs model 408 uhf converter feeds 
422 MHz, which is down converted to 90 MHi^to 
the i-f amplifier. You now have a receiver over which 
you can hear the varying temperature-dependent 
tone from the radiosonde. 


converter and the i-f stage on, a characteristic noise 
signal will appear on the scope. With the FV conver¬ 
ter stage on, a noise trace will appear on the chart re¬ 
corder. R1 (50k) in fig. 4 is adjusted to give a 2.5-volt 
trace for 200 Hz into the FV converter. This gives a 
noise trace at approximately 4.5 volts on the chart re¬ 
corder. R2 allows fine adjustments at the full-scale 
end of the chart recorder. 

Place the sonde on an elevated nonmetallic stand. 


Cl Johanson 9301 trimmer 
LI on PC board 
Q1 2N4852 
02 2N3563 

RT Fenwall thermistor GA45J1 
Resistors are 5% tolerance 1 /8 W 

fig. 2. Radiosonde schematic. Circuit 
was modeled after one built by the 
Argonne National Laboratory. Parts 
count and cost are kept low, because 
retrieval chances are small. 
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Author KL7GLK filling balloon with helium before launch. 


such as a small cardboard box, and connect a 9-volt 
battery. Tape the battery in place on the sonde. Ad- 
just the transmitter output tuning capacitor (Cl, fig. 
2) using an insulated tool. Watch the scope and chart 
recorder. At a point on Cl a sawtooth wave will 
appear on the scope. The recorder trace will smooth 
to a straight line between 60-70 per cent of full scale. 

Where each sonde operates in this range will be a 
function of air temperature and the tolerance of RT, 
CX, and other components. A warm breath of air on 


the thermistor will cause the trace to increase in am¬ 
plitude then decrease as the thermistor cools. 

If you wish to measure other weather data, other 
resistance-variable sensors can be used; for example, 
a hygristor can be substituted for the thermistor to 
measure humidity. 

calibration 

When the sonde and receiver are working proper* 
ly, the sonde is ready for calibration. Begin by using a 



fig. S. PC-board layout. A, and component place¬ 
ment, 8, for the radiosonde 
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fig. A, Schematic of the audio amplifier and frequency-to-voltage {FVJ converter. The FV converter drives the chart recorder. 
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thermometer to measure the room temperature that 
the sonde is monitoring. Mark this value on the chart 
recorder alongside the trace. Place the sonde in a 
chamber that can be cooled (by ice, for example) to 
68F (200 below room temperature. When the sonde 
stabilizes at this new temperature, mark this value on 
the chart next to its corresponding trace. 

The system has a linear temperature response 
from 23 to 86F ( 5 to 30C). Using the two calibra¬ 

tion points to form a temperature“to-voltage slope, 
any temperature point along this slope can be inter¬ 
polated. A calibration factor can be calculated by 
dividing the change in temperature by the change in 
voltage. For example, if the two calibration points 
were 36 and 75F (2 and 250, for a voltage change of 
t.O volt there would be a 36F (2.30 change per 
lOOmV; Le. f 25-2-23, and 23/1.0 = 2.3. 

Most chart-recorder paper is divided into IDO lines. 
On a 5-volt range, each line is 50 mV, so a change 
of ±1 of these divisions is a change of ±3.6F 
( ±2.30. This number, (2.3C or 3.6F), is assigned to 
the sonde as its calibration factor. 

Before flying the sonde, measure the outdoor air 
temperature and mark it on the chart. Once the 
sonde is in flight, the calculated temperature can be 
subtracted from this point, giving the temperature 




The422-MHi radiosonde without the 9-volt battery attached. 

the sonde is measuring. Because of differences in 
tolerances of each sonde s components, each sonde 
will have a slightly different calibration factor. It's 
therefore a good idea to calibrate each sonde in¬ 
dividually* 

preflight 

The question of determining altitude for the cor¬ 
responding sonde data now arises. It's necessary to 
know the rate of the balloon's ascent, so that the al¬ 
titude can be calculated as a function of lime, as 
measured by the chart recorder; ie. t chart speed - 


fig. 5. Construction details for 
the parachute. Sketches A 
through C show top and bot- 
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assembly details. 
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2 inches (51 mm) per minute. A rough rule of thumb 
is: A 1-ounce (30-gram) helium-filled balloon, filled 
to just lift a 4.9-ounce (139 gram) weight, will ascend 
alone at 613 feet (187 meters) per minute. 

Attaching a sonde and a parachute will upset 
these figures, so if this method of determining the 
rise rate is used, some experimentation will be neces¬ 
sary, The best method of determining altitude is to 
double track the balloon with theodolites and cal¬ 
culate the altitude by triangulation. 

The balloons used to lift the radiosondes and their 
parachutes (there is a good reason for the para¬ 
chutes, by the way) are meteorological balloons. * 

A 1 -ounce (30 gram! balloon is overfilled to lift 
the sonde but it works. I hese overfilled balloons will 
burst sooner than others (that's why there's a para¬ 
chute), but usually long after they have drifted out of 
radio range. As mentioned before, the balloons are 
filled with helium. Small cylinders of helium are avail 
able from firms selling compressed gases, 

the parachute 

When the balloon bursts, your little sonde could 
hurtle down through someone's property if the para¬ 
chute and sonde didn't descend nice and slowly. If 




Radiosonde balloon and parachute just before launch, This 
is the type of equipment used by the United States Weather 
Service (Beuker's Laboratory model 1207). 



fig. 6. Telemeter assembly showing the balloon, parachute, 
and radiosonde. When the balloon bursts, the parachute 
opens, allowing the sonde to drift gently to earth. Your 
name and address attached to the sonde should increase 
the chances of its retrieval. 

you attach a return address label, maybe someone 
will mail it back. We get a good number returned 
this way. You can make your own parachutes with 
some paper folding and string (see figs. 5 and 6), 

flight 

The system is now ready for use. I'll describe the 
procedure my compatriots and I use to fly the sonde. 
First of all it's necessary to file a Notice to Airmen by 
calling the Federal Aviation Administration (FAAL 


’Available from Weather Measure Corporation, P.0 Bax 4125?. 
Sacramento, California 95841 
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fig. 7. Inversion sounding trace showing temperature 
changes as a function of altitude between 400 and 2500 
meters {1312 and 3200 feat). 

Look for a flight service station in your telephone 
book. They request you tell them the number end 
times of the flights and the location of the launch. 
There's nothing to get upset about, but be sure you 
file your notice. 

All right, the balloon is filled, and the train of 
string, parachute, and sonde is then attached. 

Turn on the receiving and recording equipment, 
attach the radiosonde battery, and tune the receiver 
to the sonde frequency. Make a note on the chan of 
the sonde's calibration factor. Then make a side-by¬ 
side comparison of the sonde temperature with that 
of a thermometer; mark the thermometer reading 
beside the chart-recorder trace. If theodolites are 
being used to track the balloon, alert the operators. 
Release the balloon and mark this moment on the 
chart recorder. As the sonde ascends tune the re¬ 
ceiver to follow any transmitter frequency drift. 

The chart recorder will begin to show the changes 
in the air temperature as it takes a cross section, or 
profile of the atmosphere. Depending on conditions, 
the temperature changes will range from mild to 
dramatic. 

For instance, the inversion phenomenon men¬ 
tioned in this article's introduction would look similar 
to the profile in fig. 7. 

onward and upward 

From here on, I refer you to the vast number of 
meteorology books. As more experience is gained 
using radiosondes, your questions on weather phe¬ 
nomena will quickly outdistance the scope of this 
article. The system described won't put you in com¬ 
petition with the National Weather Service, but it 
will provide an interesting medium for a personal 
study of the atmosphere and an unusual use of ama¬ 
teur radio. Have fun with it, 

ham radio 



UldU-UHr IS NOW SHIPPING 

The Microwave Module 

line of linear transverters. 


Use your present HF equipment on 144 or 432 MHz. 
These units are not the least expensive on the market.,. 
we believe they are the finest \ 

The standard IF is 28 to 30 MHz, However, we wilt 
provide 50 to 54 MHz or 144 to 148 MHz upon request. AH 
units are covered by a full one year guarantee, 

MMT 432/28 $259.95 

MMT144/28 $198.95 

POWER SUPPLIES 

28 Volt* 18 Amp Regulated Power Supplies (110V I n) $75,00 

12 Volt, 1B Amp Regulated Power Supplies {i 10V in) $85.00 

Dual 300V D C, 1 amp fully melered $85.00 

RECEIVERS 

Collins 651 F'T, 2 to 30 MHz in 100 cycte steps, digital tuning, 
U3B/LSB/ISB Stability: 1 part rn 10 8 . Completely remote com 
trolled, with all racks, connectors, control head $1400.00 

R 388/51 J< — Collins 0,54 to 31 MHz $375 00 

R-3&0A — 0.54 to 31 MHz, overhauled complete $595.00 

Astrocom SR201, 30 300 Mhz. alI solid state $450.00 

RACAL Model 621 7A, 9B0 kHz, 32 Mm, An Solid State, takes 
about 3 Inches ot rack space, digital tuning $1600.00 

LTV Gilt Panoramic Racvr includes CRT display, 100150 MHz 
wilh converters. Will make a f ine spectrum analyzer $150.00 

. r r 7 rn k TMR-5 wilh front end plug ins to cover 
—1 j 105-140 MHz and 200-260 MHz. $250.00 

' 2200 to 2300 MHz available 
* ■ _^ L We have complete documentation for all 

* • * . 11 ' TMR5 series including plug-ins 

CEI type 41S, 60-250 MHz. all solid state, modular constr., xtai 
controlled. 4 channels. Incredible value. $85.00 

635V-1 Collins Preselector band pass Fitters — They're back! 2 

to 30 MHz. T kHz steps, with copy of manual and rack and con* 
nector. $275.00 

SX-115 Immaculate with speaker and manual. $450.00 

ANWRR2, 2-30 MHz. synthesized or continuous tuning, com 
ptetely bench checked, $600.00 

RTTY Converter CV-2455/PRC-47 Built-in loop supply (60 mA or 
20 mA} — requires rcvr audio and 24 volts. It s also an AF5K 
Keyer. 850 HZ Shift. $65.00 

TEST EQUIPMENT 

Bird 6835 Termination Wattmeter complete RF Assy — HEW! 
1.2 KW, 600 watts, 120 watts full scale. You add oil and meier. 

$95.00 

SPECIAL: Micromatch in-line wattmeters, complete guts, less 
meters, good to 500 MHz You add 50^A meter Removed from 
equipment, $24 95 

HP400DR Audio VTVM —* NEW $125,00 

Solartron DA410 Tran&ter Function Analyzer with manual. 

S475.00 

Wefnschef 6S3-1 Power Attenuators, 30 wattavQ f 1DKW peak. 

$65,00 

HP764D Dual directional coupler, 200 500 MHz. $100 00 

TRANSMITTERS 

Collins KWT8-6/URC32 - 2-30 Mhz, i kHz steps, compieie xcvr. 
500 waft PEP outpul, 500 wait GW output, AM capaDHity. 
Complete and running $1850.00 

Standard T/T pad mounted in a 
sturdy steel case mcl. 2 volume 
\ pols & 1 push button labeled 

M '‘Stereo", Also has 2 phone 

WjTv* m jacks for headphones, micro- 

phone, etc. Will make a fine 
1 ^ i V' control head. $24.95 


T/T to Pulse Converter — re 

quires 12-24 VDC $34 9i 


Wanted: Documentation for AN/WRR-2, plug ins and IF 
Amplifiers for TMR 5, 


UlOU'liHr, 1434 REYNOLDS ST. Iwmml 
AUGUSTA, GA. 30902 404-722-1121 

Ga, Residents - add State Sales Ta*. Unfortunately, Disc'Cap 
can only service U. 5. customers. 
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4 ELEMENT-3 BAND 

10-15-20 METER BEAM 


Cushcraft engineers have incorporated more than 30 years of design 
experience into the best 3 band HF beam available today ATB*34 
has superb performance with three active elements on each band, 
the convenience of easy assembly and modest dimensions Value 
through heavy duty all aluminum construction and a price complete 
with t~1 balun. 

Enjoy a new world of DX communications with ATB-34! 


SPECIFICATIONS 


FORWARD GAIN * 7 5 ciBd WIND SFC - 5 4 Sq Ft 

F/B RATIO - 30 d0 WEIGHT - 42 Lbs. 

VSWR - 1,5-1 WIND SURVIVAL - 90 M PH. 

POWER HANDLING * 2000 WATTS PEP 
BOOM LENGTH/ DIA. - 18 x 2 1/8" 

LONGEST ELEMENT - 32 8 ’ 

TURNING RADIUS - 18 9 T ^ Allni 

CUMPLE I E 

UPS SHIPPABLE NO EXTRAS TO BUY 

IN STOCK WITH DISTRIBUTORS WORLDWIDE 


BOX 4680, MANCHESTER, N.H. 03108 













10-15-20 METERS 


Cushcraff s new muMibarid vertical antenna systems have been tipiimiftfri 
tor wide operating bandwidth arid provrdo the low angle o< racM ■ f 
which "5 essential for Song haul D> tommufiK atm nr, on the high 
frequency amateur hands The high u traps which were designed 
especially tor these verticals use targe diameter enamelled copper 
wire- and solid aluminum air-dieter fnc capar nors me trap forms 
rERS are manufactured bom filament wound fiberglass for mm-rnurn 

n rfiflleclrn loss and high structural strength High strength 
6063 T83? aluminum tubing with 0 058 1 1 5 mm> walls is 
used for the vertical radiator The massive ? inch 
• 50 mm | JO double waited base section and h<?;.m Jut■ 
phenolic base insulator ensure long hie and durability f ■>' 
maximum performance with limned space < noose a 
CuShcraM muifiband vortu at ad models may be font or 

48 mm > mast 


ground mounted on a V x 1 


10-15-20-40-80 METERS 


ATV-3 r LJs'I•: 1 a 11 s AT V A ir ulltband 

- dit al prt'Vidr ■ tow VSWFT upoi alien ti*r 
bnfh SSB incl CW 1 in In \h Uhd ?tl mc?feis 
Matched In 5t) cj-hrns built mronnerior 
mates wrth standard PL 25b Stainless steel 
hardware js used for all electrical connections 
The ATV 3 is a compact 166 inches M ? 
meters) toll Rated at 2000 watts PEP 


ATV-4 The hr ran A TV 4 four band 

,i riii ;il inli'Mfia has bi j en -..rphuv/ed for wide 
operating bandwidth oft IP 15 20 and 40 
meters SWR '■» less fhan 1 i over flu 1 CW 
and &S8 segments of I o 1 5 and 20 The 
r swft tiandwjdfr on 40 meters «s 
approximately 240 k.H; rn^y he quickly and 
i iisify adjusted tu t.ivnr any part el Ihr band 
Coaxial fill ng takes 50 ohm transmission line 
w' 1 h PL 25 £ * C t man eel pi E Tvo rail height 2 33 
inctir’S iS9 meters Baled at 2000 watts PLP 

„ u j.iru . 10 METERS 


15 

METERS 


ft 1 Ji 2 31 3 Ji 4 31 5 

f i 

AT VO ___ 


20 METERS 


ATV-5 Trie ATy \j trapped vert it jl 
anfenna system has heun engim-eu ,j lor 
five hand uperahun nn flO through 10 
VTtetors The high U traps are car faulty 
opfiMn/erl tor wide operating bandwidth 2 t 
SWR bahdwiOlh wilt. 50 ohm foedtine is \ 
Mil; on tt) meters mem lhan 500 kHz on 15 
and 20 meters T60 kHz on 40 met. rs and 
7 r i kHz on 80 meters Instructions are 
piovifjed lot adjusting resonancf ir v :| u' 
preferred p©ti of The band CW or SSR Built- 
in ' uuxiol Conner lor lakes PL 250 Nominal 
height 203 mr hes i ' i meters} Rated at 
.. wri'f! If P i alt hand* 


CEUTE 


1*0 14 1 «4J 1*3 14 4 

F rXjufnt ■ ,MH Ei 


ups shippable 


THE ANTENNA COMPANY 

IN STOCK WITH DEALERS WORLDWIOE 

P O BOX 4680 MANCHESTER. NH 03108 


More Details? CHECK OFF Page 142 


July 1978 BS 49 













outboard LED frequency display 


for the 
Heath HW2036 

Operating the HW2036 

no longer 
has to be done 
in the dark — 
this outboard display 
shows the frequency 
set in the switches 


Picture yourself driving along the freeway one 
evening and your Heath HW2Q36 comes alive with an 
interesting QSO on the 01/61 repeater. Just before 
the punch line, the operator decides to move to 
147.18 simplex. If you want to hear the rest of the 
joke, you'll have to either turn on the dome light in 
your car so you can see where to set the thumbwheel 
frequency-selection switches on your rig or you can 
set the switches to a common starting point and 
count the dicks as you advance them to the correct 
frequency. By that time, though, the joke is past 
history. Having owned a HW2036 for a year now, I 
found that the only real problem was quickly chang¬ 
ing frequency at night. There are no lights provided 
on the front of the panel to illuminate the thumb¬ 
wheel switches. After many hours of fumbling in the 
dark with the frequency switches, it occurred to me 
that the switches must provide binary-coded infor¬ 
mation to program the synthesizer variable dividers. 
Why not use that same information to drive some 
LEDs, thus displaying the selected frequency? 


By Bill Stephens, WB8TJL, 217 West Reed 
Street, Bowling Green, Ohio 43402 
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circuit details 

Switches S3, S4, and S5 provide BCD information 
to the variable divider ICs (U401, U402, U403 respec¬ 
tively). If you are setting your frequency to 146.94, 
for example, you dial up 6 9 4, since the 1 and 4 re¬ 
main constant across the band. 

I found it was possible to tap off of the four leads 
at the rear of the three thumbwheel switches and use 
that information as inputs to the three 7447 ICs (see 


didn't find the prospect of wiring 42 resistors too ap¬ 
pealing. Therefore, I decided to limit the current go¬ 
ing to the common-anode connection of each LED; 
that required only six resistors. 

The only drawback to this technique is that as dif¬ 
ferent digits are displayed, using more or less 
segments, the overall intensity of that particular digit 
will be slightly brighter or dimmer than other digits. 
For instance, if the digit 1 is displayed, only two 
segments of the LED are lit (segments b and c). On 



fig. 1. Schematic diagram of the addition to the HW2036 to add an outboard frequency display. In¬ 
stead of using 7 resistors for each LED, a common current-limiting resistor is inserted in the anode 
line. The LEDs must be of the common-anode type. The 5-volt regulator is a 7805. 


fig. 1 ). The 7447s convert the BCD data from the 
switches into a seven-segment format necessary to 
drive the LEDs. This in no way alters the operation of 
the synthesizer, nor does it degrade the performance 
of the rig. All of the outboard components can be 
easily housed in a small box and set on top of or 
beside the HW2036. A flat cable containing 15 leads 
is used to connect the HW2036 and the out¬ 
board unit. 

display LEDs 

Since LEDs 1 and 2 always displayed the digits 1 
and 4, it was decided to conserve costs and space 
and not use a 7447 decoder/driver. Instead, they are 
permanently wired to display 1 and 4. LEDs 3 thru 6 
are driven by U1 through 4, respectively. Each of the 
LEDs has a 100-ohm 1/2-watt resistor in series with 
pin 3 and the 5-volt line. This resistor limits the cur¬ 
rent to each segment to no more than 25 mA. It 
would be better to connect one resistor in series with 
each of the seven leads of each of the six LEDs, but I 


the other hand, if 8 is displayed, all seven segments 
(a, b y Cy d, e, f, g) are used and they must share the 
same amount of current as the two segments in the 
first example. With a 100-ohm resistor and a 5-volt 
line this works out to 25 mA per segment when two 
segments are on and 7 mA per segment when ail 
seven are lit. In practice this poses no real problem 
because the change in intensity is barely noticeable. 

obtaining power 

Referring to the schematic of the HW2036, 12 
volts is obtained from lug 2 of the on-off switch SI. 
This line and a chassis ground are fed thru a cable to 
the outboard display unit's 5-volt regulator. An 
LM309K could be used, although the smaller pack¬ 
age TO-220 7805 was used in my unit. The 7805 is 
rated at one ampere of current and is capable of 
powering the four 7447s and the six display LEDs, 
although it does run a bit warm at times. Mounting 
the regulator on a small heatsink or bolting it to the 
display unit case should overcome this problem. 
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The keys that are easy 
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decoder/drivers 

Each switch has a 1, 2, 4, and 8 lead coming from 
it; these are connected to pins 7 , 1,2, and 6, respec¬ 
tively, of the 7447s. When a thumbwheel switch is 
set to program the digit 6, it grounds the two unused 
leads of the 1 and 8 lines. With pins 6 and 7 ground¬ 
ed, the outputs ground the appropriate leads of the 
associated LED, causing tt to form the digit 6. Each of 
the 7447s is connected to its associated LED by seven 
leads, one for each of the seven segments in the LED. 

If the operator decides to program in a split chan¬ 
nel, for instance 146.945, S6 is used to control U4. 
Within the rig, S6 grounds one lead of U405 when 
the frequency ends in a zero; it lifts that same lead 
above ground when a split channel is selected. To 
display the digit 5, when the switch is set in the 5 kHz 
position, bring a lead off of the unused side of 36 and 
tie it to pins 1 and 6 of U4. Thus, when the switch is 
in the 0 position there is no input to U4 and no digit 
appears. When the switch is thrown to the 5 kHz 
position, pins 1 and 6 are grounded, displaying a 5, 

construction details 

I built my unit on perf board with 2.5 mm (0.1 inch) 
hole spacings. One board, measuring about 9 cm2 
(3-1/2 inch square) contains the four 7447s and the 
voltage regulator. A second board, measuring about 
9 cm x 3.8 cm (3-1/2 inches x 1-1/2 inches), contains 
the six LEDs and is connected to the first board by 30 
jumpers. While perf board is entirely acceptable for 
this project, it is suggested that printed-circuit 
techniques be used due to the relatively large number 
of board to board jumpers and the small space in 
which to work. The many connecting jumpers tend 
to make the interconnecting harness very stiff and 
difficult to work with. 

EVty unit is housed in a homebuilt box measuring 5 
x 9 x 10.2 cm (2 x 3 1/2 x 4 inches) with a sloping 
front panel for easier viewing of the LEDs, The size 
and shape of your box will be determined by where 
and how you are going to mount it. Four-conductor 
flat cable was used throughout the construction. 
Four lengths of cable were used to bring the 15 leads 
out of the hack of the HW2036 case (they fit nicely 
between the top of the PA board assembly and the 
case). Individual strands of the same wire were 
stripped and used for the 5-volt line and ground bus 
on the two perf boards. 

If the unit is to be mounted in an outboard case, it 
is recommended that a plug be installed to discon¬ 
nect the outboard on it from the HW2036 for ease of 
servicing. 

I wish to thank WB8IMQW and K8TT for their help 
and thoughts in completing this project, 

ham radio 
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electronic components 


One-Stop 

Component Center 


AUTHORIZED DEALERS 


ALABAMA 

Mobile Lafayette Radio Electronics 

ALASKA 

Anchorage Electronics Corp. of Alaska 

ARIZONA 

Flagstaff Jim s Audio & Stereo Repair 

Fountain Hitts A A C Communications 

Tempe Computer-world Inc. 

Vuma Yuma Elee tron ics 

CALIFORNIA 

Bd If tower Fart's Hotthy Shop 

Berkeley AI Lasher Electronics 

Cypress SC fl Elec r ton tes 

Ei Monte Kimball A Stark 

Fontana Fontana Electronics 

Fuller ton Qrvac Electronics tnc. 

Glendale Eagle Electronics 

Lake Tahoe, South Cat Pine Electronics 

Long Beach Scott Radio Supply Inc 

Mission Viejo Tower Electronics Corp. 

Modesto Computer Magic 

Monterey Zackit 

Oceanside Electronic Center 

Palo Alto Zack Elec tronics 

Palmdale Radio Shack A S. C. Palmdale 

Pasadena Dow Radio Inc. 

Sacramento Hcathkit Electronic Center 

Sacramento The Radio Place 

Sacramento Zackit 

San Bernardino Inland Computer 

A Electronic* 

San Carlos J & H Outlet Store 

San Diego Radio $hack A $.C Mira M«ii 

San Fernando San Fernando Electronics 

San Francisco Zack EfoctrohtCt 

San Francisco Zenith Distributing Corji 

San Jose Qvamcnt Electronics 

San Luis Obupo Mid State Electronic Supply 
Santa Crut Santa Crur Electronics 

Santa Monies Mission Control 

Sunnyvale Sunnyvale Electronics 

Torrance $E Electronics 

Vallejo Zac kd 

Van Nuys Thrifty Electronics Simply 

Van tura L omba rd s Eiec f romet tnc. 

Walnut Creek Byte Shop ol Walnut Creek 

Westminster JK Electronics 

COLORADO 

Aurora Com Co Elec ironies 

Steamboat Springs Norm’s TV 

A Electronics 

CONNECTICUT 

Bridgeport Bridgeport Computer 

Florida 

Ft Lauderdale Computers For You 

Gainesville Lafayette Radio 

L ak elan d L >i k eland Special r y Efee tromes 

Orlando Affair Computer Center 

Tampa AMF Electronics 

Tampa Microcomputer Systems 

GEORGIA 

A dan fj A11 an to Computer Mart 

HAWAII 

A tea Dele on is Hawaii 

Honolulu Integrated Circuit Supply 

IDAHO 

Idaho Falls Audio tromes 

ILLINOIS 

Caibondale Lafayette Radio 

Evanston Itty Bitty Machine Co 

Evanston Frn State Electron id Corp 

Grant te Ct t y Cpmpu ter S/J ferns Cen ter 

Groveland Moyer Electronics 

Mount Propiect Tn State Electronic Corp , 

Nthu Computer Land 

Oak Park Spec tromes Inc. 

Rock ford Imperial Computer Systems 

Schaumburg Data Domain 

INDIANA 

East Chicago Aero Electroutes Corp 

Hammond Quantum Computer Works 

IOWA 

Clmton Bridge flee Computer Center 

htdianola £ tec tramx L * mi ted 

KANSAS 

Kansas City Electronic Surplus Sales 


KANSAS jComtmjftd) 

Mai dun ran Comm unicauons Spec ml ties L id 
Wichita Amateur Radio Equipment Company 
KENTUCKY 

Lexington Radio-Electronic Equipment Co 

LOUISIANA 

Baton Rouge Davts Electronics Supply Co. 

MARYLAND 

Baltimore Computer Workshop 

Of Baltimore 

Baltimore Everything Electronic 

La Vale JAW Electronics 

Rockville Computer Workshop 

Silver Sprang Computers Etc 

Towson Baynesvifte Electronic Inc. 

Tows ori Computers Etc, 

MASSACHUSETTS 

Medford Tufts Electronics 

North Adams Electronics Supply Center 

Waltham Computet Mart tnc. 

Worcester RM Electronics Inc. 

MICHIGAN 

Ann Arbor Airway Electronic Communications 
Flint Hobby Electronic Center 

Grand Rapids Micro Computer World 

Lansing Fulton Radio Supply Co, 

Mr, Clemens The Computer Store 


NEW YORK IContmundt 

Rensselaer Com Tech Electronics 

Rochester 200! Microsystems 

Troy Troian Electronics 

White Plains The Computer Corner 

Witfiamsvilte Hi rich Sates Co. 

NORTH CAROLINA 

Durham Futureworld 

Greensboro By Fir Shop 

Raleigh Byte Shop of Raleigh 

OHIO 

flueyf us Mead Electronics 

Cincinnati Digital Design 

Columbus H'eathkit Electronic Center 

Day ton At tan Computer Cvn ter 

Reynoldsburg Universal Amateur Radio 

OKLAHOMA 

Guy man Sound Service 

Oklahoma City Bits. Byte j A Micros 

Tulsa High Technology 

OREGON 

Beaverton Ait ait Computer Center 

Coos Bay Herrick Electronic 

Ontario Mdler Electronics 

Salem Computer Pathway A 

PENNSYLVANIA 

Orcxct Hill Kau Electronic Distributors 

Erie Warren Radio 

Hershey MtCrocomputer Systems Inc. 

Murraysvifle Computer Workshop 

of Pi Us burgh 

PhCHfiUMville Stevens Electronics 

Pt t tsbu rgh T ydmgs Com pa n y 

Wttkesbare j Hamt me E lectron tes 

RHODE ISLAND 

Cranston Jahhour Electronics City 

Pawtucket J.tbbour Electronics City 

SOUTH CAROLINA 

Noun Charleston Tech meal Services Inc. 

TENNESSEE 

CfarksvilUr Mass tromes 

Knoxville Byte Shop 

Memphis Bluff City Elec tromes 

Memph it Sett Ruse fit Spencer E fee trontCS 
Oak Ridge Computer Denn 

TEXAS 

Amarillo Computet Encounters fnc 

Dahas CompuShop 

Houston Altair Computer Center 

Houston Interactive Computers 

San Antomo Sherman Electronics Supply foe. 

UTAH 

Provo Alpine Electronic Supply Cb 

VIRGINIA 

Alexandria Computer Hardware Store 

Alexandria Computers Pius Inc. 

Charlottesville Lafayette Electronics 

Hampton Lafayette Radio 

Richmond Computers To Go 

Springfield Computer Workshop 

ol North Virginia 
Virgi 11 ia Beath He* thkit Etectrorm C&nret 

WASHINGTON 

Bellevue Affair Computer Center 

Longview Progress Electronics 

Pasco Rivet view Electronics 

Scarf If* C-Com 

Seattle Empire Electronics 

Spok an n Personai Compu ters 

WEST VIRGINIA 

Morgan town The Computer Comet 

Morgan town Electro Distributing Co. 

Ripley Thompson r f Radio Shack 


MINNESOTA 

Duluth 

Eagan 

MISSOURI 

£l Do r ado Springs 
Park villii 


Northwest Radio of Duluth 
Computer Room Inc. 


Beckman Elec tromes 
Computer Workshop 
of Kansas City 


MONTANA 

fhlf mgs 

NEBRASKA 

Lincoln 

North Pfarte 

Omaha 

NEVADA 

Las V('Qu\ 

NEW JERSEY 
Say vdie 
Bnck town 
Cherry Hill 
Hoboken 
Pomp ton Lake 


Conley Radio Supply 


Altair Computer Center 
Scoff Radio Supply Corp 
Omaha Computer Store 


Century 23 


CANADA 

Alberta (Calgary! 
Ontario (Wfitowdatel 
Quebec (Montreal} 


The Computer Shop 
Home Computer Cenlm 
Wang's Microcentei 


A R 5, Commumeaboos Services 
Radio $h;tck Associate Store 
The Computer Emporium 
Hoboken Computer Works 
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phase-locked loops 


basic 
building blocks 
for frequency 
manipulation 

A basic discussion 
of phase-locked loops 

and how they 
are used in 
communications systems 

In electronic systems, information can be ex¬ 
pressed in four ways: voltage, current, frequency, 
and phase angle. In modern electronics, operational 
amplifiers have become the basic building blocks for 
circuits which manipulate voltages and currents. But 
what about frequency and phase angle? Enter the 
phase-locked loop or PLL. 

The first widespread use of the phase-lock system 
was in TV receivers to synchronize the horizontal and 
vertical sweep oscillators to the transmitted sync 
pulses. Lately, narrowband phase-locked receivers 
have proved to be of considerable benefit in tracking 
weak satellite signals. This is due to the superior 
noise immunity of PLL systems. Although it's not 
well known, the synchronous reception of rad\o sig¬ 
nals using the PLL technique was first described in 
the early 1930s; it was known as a "homodyne" 
receiver. 

In the early days, applications using PLLs had to 
be implemented using discrete components. Even 
after the advent of transistors, the PLL circuit was 
considerably complex. Thus, the use of PLL methods 
in most electronic systems was both expensive and 
impractical. 

In the late 1960s Signetics Corporation developed 
monolithic circuit versions of the PLL system. This 


I development of single chip PLLs changed things 
considerably. A single package device, used with a 
few external components, offers all the benefits of 
PLL operation while making their use practical, 
uncomplicated, and economical. 

PLLtheory 

Just what is a PLL and how does it do all this fre¬ 
quency manipulating? The op amp is a voltage/cur¬ 
rent feedback system; that is, a portion of the output 
is fed back to the input. In an op amp circuit, this 
feedback component is a current. The PLL is a feed¬ 
back system but in this case the component fed back 
is a frequency. Fig. 1 shows a block diagram of a 
feedback system. 

A phase-locked loop is basically an electronic ser¬ 
vo loop. The function of a PLL is to detect and track 
small differences in phase and frequency existing be¬ 
tween the input and a reference signal. A block dia¬ 
gram of a basic PLL system is shown in fig. 2. In this 
circuit the voltage-controlled oscillator is driven in 
the direction that will minimize the error signal. Note 
the similarities between figs. 1 and 2. 

Like most other complex circuits, phase-locked 
loops have special terms associated with them; 
understanding their operation is easier when you 
become familiar with the language. The following is a 
brief glossary of terms encountered with PLLs: 

Capture range. The range of frequencies over 
which the loop can detect a signal on the input 
and respond to it. This is sometimes called the 
lock-in range (lock-in range refers to how close 
the signal must be to the center frequency before 
acquisition can occur; thus it is one-half the cap¬ 
ture range). 

Current controlled oscillator. An oscillator in 
which the frequency is determined by an applied 
current. 

Damping factor. In a PLL this refers to the ability 
of a loop to respond quickly to an input frequency 
step without excessive overshoot. 

Free-run frequency (f Q ). Also called the center 
frequency; it is the frequency of the vco with no 
input signal. 

By Bob Marshall, WB6FOC, Analog Applica¬ 
tions, Signetics Corporation, Post Office Box 
9052, Sunnyvale, California 94086 
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Lock range. The range of frequencies over which 
the loop will remain in lock; also called tracking 
range. 

Loop gain (A v ). Product of the dc gains of all the 
loop elements; in units of sec~ 2 . 

Loop noise bandwidth. A loop relating to damp¬ 
ing and natural frequency which describes the ef¬ 
fective bandwidth of the input signal. 

Lowpass filter. A filter which permits only dc 
and low frequencies to travel around the loop; it 
determines the capture range of the loop. 

Natural frequency. The characteristic frequency 
of the loop (not to be confused with free-running 
frequency). 

Phase detector gain factor (Kj). The conver¬ 
sion factor between the phase detector output 
voltage and the phase differences of the input and 
vco signals; expressed in volts-radians. 

Phase detector. A circuit which compares the 
relative phase between two inputs and produces 
an error voltage dependent on the difference. This 
error voltage corrects the vco frequency during 
tracking. Sometimes called a phase comparator or 
mixer. 

Quadrature phase detector. A phase detector 
operated in quadrature (90° out of phase) with the 
loop detector. 

VCO conversion gain (K 0 ). Conversion factor 
between vco frequency and control voltage in ra¬ 
dians/sec/volt. 

Voltage Controlled Oscillator or VCO. An 

oscillator whose frequency is determined by an 
applied control voltage. 

loop operation 

As was mentioned earlier, the PLL is a feedback 
system; therefore, it can be characterized mathemat- 
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fig. 1. Block diagram of feedback system shows the 
basic arrangement of both operational amplifiers and 
phase-locked loops. Current feedback is used in an op 
amp whereas a frequency component is fed back in a 
phase-locked loop. 


ically by the same equations that apply to other, 
more conventional feedback systems. However, the 
parameters in the PLL equations deal with phase 
rather than a current or voltage. 

A mathematical analysis of a PLL can get pretty 
hairy but a qualitative analysis will explain the basic 
principle of PLL operation. During the following dis¬ 
cussion, it will be helpful to refer to fig. 3. 

With no input signal applied, the error voltage V& 
is zero. The vco will operate at a set frequency f 0 or 
the free-run frequency. When an input signal is ap¬ 
plied to the system, the phase detector compares the 
phase and frequency of the input with the vco fre¬ 
quency. This generates an error voltage V e(t ) that is 
related to the phase and frequency difference be¬ 
tween the two signals; this error voltage is then fil¬ 
tered, amplified, and applied to the control terminal 
of the vco. In this manner, the control voltage Vd(t) 
forces the vco frequency to vary in a direction that 
reduces the frequency difference between f 0 and the 
input signal. 

If the input frequency f t is sufficiently close to f ot 
the feedback nature of the PLL causes the vco to 
synchronize or lock with the incoming signal. Once in 
lock, the vco frequency is identical to the input signal 
except for a finite phase difference. This net phase 
difference d Q is necessary to generate the corrective 
error voltage V to shift the vco frequency from its 
free-running value to the input signal and thus, keep 
the PLL in lock. This self correcting ability of the sys¬ 
tem allows the PLL to track frequency changes of the 
input signal once it is locked. 

Another way of describing the operation of the 
PLL is to observe that the phase detector is, in actu¬ 
ality, a multiplier circuit that mixes the input signal 
with the vco signal. The mixer produces the sum and 
difference frequencies (fj±f 0 ). When the loop is in 
lock, the vco duplicates the input frequency so that 
the difference frequency component ( fi~f 0 ) is zero; 
hence the output of the phase comparator contains a 
dc component. The lowpass filter removes the sum 
frequency component ( fi+f 0 ) but passes the dc com¬ 
ponent which is amplified and fed back to the vco. 
Notice that with the loop in lock, the difference fre¬ 
quency component is dc and independent of the 
band edge of the lowpass filter. 

lock and capture 

What happens before the loop is locked? Let's 
assume for a moment that there is a frequency on the 
input to a PLL. The phase comparator mixes this in¬ 
coming frequency with the free running vco frequen¬ 
cy. If the difference frequency (/l"“/ 0 ) is greater than 
the band edge of the lowpass filter, the input to the 
vco is still zero so the vco remains at its free-run fre- 
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fig. 2. Basic phase-locked loop consists of a phase detector, 
lowpass filter, and voltage-controlled oscillator (vco). The 
vco is driven in a direction which minimizes the error signal. 


quency. As the input frequency approaches that of 
the vco, fj-f 0 decreases and approaches the band 
edge of the lowpass filter. Now some of the differ¬ 
ence component is passed to the vco control. This in 
turn decreases the frequency difference component 
which allows more information through the filter. 
This positive feedback mechanism causes the vco to 
snap into lock with the input signal. Thus, the cap¬ 
ture range is again defined as the "frequency range 
centered about the vco free-run frequency over 
which the loop can acquire lock." 

Once the loop is locked,// —f 0 is essentially dc and 
thus unaffected by the lowpass filter. The lock range 
is limited by the range of the error voltage that can be 
generated and the corresponding deviation in vco 
frequency which is produced. 

It is important to distinguish the difference be¬ 
tween capture range and lock range. Lock range is 
defined as the frequency range, usually centered 
about the initial vco frequency, over which the loop 
can track the input signal once lock has been 
achieved. The total time required for the vco to ob¬ 
tain a locked condition is called the pull-in time. Pull- 
in time depends on the initial frequency and phase 
difference between the two signals and the overall 
loop gain as well as the lowpass filter. 

effects of the lowpass filter 

In the operation of the loop, the lowpass filter 
serves a dual function. First, by attenuating the high- 
frequency error component (f L + f 0 ) at the output of 
the phase comparator, it improves the interference- 
rejection characteristics; second, it provides a short 
term memory for the PLL and ensures a rapid recap¬ 
ture of the signal if the system is thrown out of lock 
because of a noise transient. Reducing the lowpass 
filter bandwidth has the following effects on system 
performance: 

1. The capture process becomes slower and in¬ 
creases the pull-in time. 

2. Capture range decreases. 

3. Interference-rejection properties improve since 
the error voltage caused by an interfering signal is 
attenuated further by the lowpass filter. 


4. The transient response of the loop (the re¬ 
sponse of the PLL to sudden changes of the input 
frequency within the capture range) becomes un¬ 
damped. 

This last effect also produces a practical limitation on 
the lowpass loop filter's bandwidth and roll-off char¬ 
acteristics from a stability standpoint. A detailed an¬ 
alysis of a PLL under lock condition using Laplace 
transforms will prove that if either the loop gain or 
the filter time constant is too large, the loop itself will 
break into sustained oscillations. 

The lock range of the PLL ,f Lt can be shown to be 
numerically equal to the dc loop gain K v 


4TrfL = 2u L = 2 K v 

Since the capture range, f c , denotes a transient con¬ 
dition, it is more difficult to derive, but with a simple 
lag filter the capture range can be approximated as 

4rfc = 2u c -s]^& = 

where tj is the time constant of the loop and f L is the 
lock frequency. Thus, the capture range increases as 
the time constant of the filter decreases, while the 
lock range is a function of the dc loop gain. 

Fig. 4 shows the typical frequency-to-voltage 
transfer characteristics of the PLL. The input is 
assumed to be a sine wave whose frequency is swept 
slowly over a broad range of frequencies. The ver¬ 
tical scale is the corresponding error voltage of 
the loop. 

Fig. 4A shows the loop error voltage with an in¬ 
creasing frequency. The loop does not respond until 
the frequency reaches f lt which corresponds to the 
lower edge of the capture range. At that time the 
loop suddenly locks on the input and causes a nega¬ 
tive jump of the loop error voltage. As the frequency 
continues to increase, the loop error voltage in¬ 
creases. Notice that Vj is zero when the incoming 
signal/ equals f Q . The loop continues to track the in¬ 
coming signal until the frequency equals f 2 ; this cor¬ 
responds to the upper edge of the lock range. The 
PLL then loses lock and Vj returns to zero. 
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fig. 3. Diagram of a phase-locked loop showing the fre¬ 
quency and voltage relationships in the system. See text 
for description of operation. 
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The slope of Vj is equal to the reciprocal of the vco 
gain ( 1/K 0 ) measured in volts/radians/sec. If the in¬ 
put frequency is swept slowly back (illustrated by 
fig. 4B), nothing happens until the incoming fre¬ 
quency reaches f 3 . The loop continues to track until 
f 4 where it breaks lock and the error returns to zero. 
The total lock and capture ranges of the system are: 

=/2 ~ f4 (lock) 

2f c =/? ~fi (capture) 

As indicated by the transfer characteristics of fig. 
4, the PLL has an inherent selectivity about the cen¬ 
ter frequency set by the free running vco frequency 
f 0 . It can also be seen that the loop will respond to in¬ 
put signal frequencies that are separated from f 0 or f L 
depending on whether the loop starts with or without 
an initial lock condition. The linearity of the frequen- 
cy-to-voltage conversion characteristics for the PLL 
is determined solely by the vco conversion gain. For 
most PLL applications, the vco is required to have a 
highly linear voltage-to-frequency transfer charac¬ 
teristic. 

functional applications 

Now that you are familiar with what a PLL is, you 
probably wonder what it all means and what it can do 
for you. As a functional building block the PLL is 
suitable for a wide variety of frequency related appli¬ 
cations. These applications generally fall into one or 
more of the following catagories: fm demodulation, 
frequency synthesis, frequency synchronization, sig¬ 
nal conditioning, a-m demodulation, and frequency 
modulation. 

fm demodulation 

If the PLL is locked to an fm signal, the vco will 
track the instantaneous frequency of the input sig¬ 
nal. The filtered error voltage Vd, which forces the 
vco to maintain lock with the input signal, then 
becomes the demodulated fm output. The linearity 
of the vco's voltage-to-frequency transfer character¬ 
istic determines the linearity of the demodulated sig¬ 
nal. Some typical fm demodulation applications are 
discussed below. 

Broadcast fm detection. In this application, the 
PLL can be used as a complete fm i-f strip, limiter, 
and fm detector. It can be used to detect wide- or 
narrow-band fm signals with greater linearity than 
can be obtained by other means for frequencies with¬ 
in the range of the vco (presently up to about 50 
MHz). One increasingly popular use of the PLL is in 
scanning receivers where a number of broadcast 
channels may be sequentially monitored by simply 
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fig. 4. Frequency-to-voltage transfer characteristics of 
a phase-locked (oop for increasing input frequency. A, 
and decreasing input frequency, B. 


varying the vco free-run frequency. (Scanning re¬ 
ceivers are also using a digital PLL technique which 
is, in principle, similar to linear PLLs). 

Fm telemetry. This involves demodulation of a fre¬ 
quency-modulated subcarrier. One example is the 
use of the PLL to recover the SCA (storecast music) 
signal from the combined signal of commercial fm 
broadcast stations. The SCA signal is a 67-kHz fm 
subcarrier which puts it above the frequency spec¬ 
trum of the normal stereo or monaural program 
material. 

Frequency-shift keying (FSK). This is essentially 
digital fm. Frequency-shift keying is a means for 
transmitting digital information by a carrier which is 
shifted between two discrete frequencies (as in 
RTTY, for example). In this case, the two discrete 
frequencies correspond to a digital 1 (mark) and a 
digital 0 (space), respectively. When the FSK signal 
is connected to a PLL, the demodulated output (error 
voltage) shifts between two discrete voltage levels 
which correspond to the demodulated binary output. 

frequency synthesizer 

Frequency multiplication can be achieved with the 
PLL in two ways: locking to a harmonic of the input 
signal, or insertion of a counter (digital frequency 
divider) in the loop. Harmonic locking is the simpler 
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fig. 5. Phase-locked loop frequency synthesizer using a 
digital frequency divider. 


and is achieved by setting the vco free-run frequency 
to a multiple of the input frequency and allowing the 
PLL to lock. A limitation of this scheme, however, is 
that the lock range decreases as successively higher 
and weaker harmonics are used for locking. This 
limits the practical harmonic locking range. For large 
multiples, the use of a digital frequency divider pro¬ 
vides better results; the basic arrangement is shown 
in fig. 5. The loop is broken between the vco and the 
phase detector and a counter is inserted. In this case, 
the fundamental of the divided vco frequency is 
locked to the input frequency so the vco is actually 
running at a multiple of the input frequency. The 
amount of multiplication is determined by the 
counter. 

In frequency multiplication applications, it is im¬ 
portant to remember that the phase comparator is 
actually a mixer and its output contains the sum and 
difference frequency components. The difference 
frequency component is dc and is the error voltage 
which drives the vco to keep the loop in lock. The 
sum frequency components (basically twice the fre¬ 
quency of the input), if not well filtered, will induce 
incidental fm on the vco output. This happens 
because the vco is running at many times the input 
frequency. The sum frequency component appear¬ 
ing at the control voltage input of the vco causes a 
periodic variation of its frequency about the desired 
multiple. For frequency multiplication, it is generally 
necessary to filter quite heavily to remove this sum 
component. The tradeoff is reduced capture range 
and a more underdamped loop transient. The size of 
the loop filter limits the minimum input frequency. 

frequency synchronization 

Using a PLL system, the frequency of a less pre¬ 
cise vco can be phase locked with a low level but 
highly stable reference signal. The vco output repro¬ 
duces the reference signal at the same per unit accu¬ 
racy but at a much higher power level. In some appli¬ 
cations, the synchronizing signal can be a low duty 
cycle burst at a specific frequency. The PLL can be 
used to regenerate a coherent CW reference fre¬ 


quency by locking onto the short synchronizing 
pulse. An example of this is phase-locked chroma- 
reference generators in color television receivers. 

In digital systems the PLL can be used for a variety 
of synchronization functions. For example, two 
clocks can be phase locked to each other so that one 
can function as the backup for the other. Other pop¬ 
ular applications include locking to National Bureau 
of Standards' station WWVB to generate an inex¬ 
pensive laboratory frequency standard. 

signal conditioning 

By selecting the proper vco free-run frequency, 
the PLL can be made to lock to any number of sig¬ 
nals present at the input. The vco output tracks that 
frequency while attenuating the undesired frequen¬ 
cies of sidebands present at the input. If the loop 
bandwidth is sufficiently narrow, the signal-to-noise 
ratio at the vco is better than that at the input. 

a-m demodulation 

A-m demodulation can be achieved with a PLL by 
using the scheme shown in fig. 6. In this mode of 
operation the PLL functions as a synchronous a-m 
detector. The PLL locks onto the carrier of the a-m 
signal so the vco output has the same frequency as 
the carrier, but with no amplitude modulation. The 
vco will track the input but with a 90° phase shift; if 
the input is now sent through a 90° phase-shift net¬ 
work and fed into a multiplier, the output of the sec¬ 
ond multiplier will be directly proportional to the 
amplitude of the input signal. The PLL still exhibits 
the capture phenomenon; thus the loop maintains a 
high degree of selectivity centered about the free-run 
vco frequency. Since this method is essentially a 
coherent detection technique which involves the 
averaging of two companded signals, it offers a 
higher degree of noise immunity than a conventional 
peak-detector type a-m demodulator. 

fm modulation 

Since the PLL has a voltage-controlled oscillator, 
it's possible to inject a signal into the loop and cause 
the vco to change frequency. This signal can be in¬ 
jected at the lowpass filter or across the timing com¬ 
ponent; the per cent of modulation is controlled by 
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fig. 6. Coherent a-m detector circuit using a phase- 
locked loop. 
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the amplitude of the injected signal — linearity is a 
function of the voltage-to-frequency transfer charac¬ 
teristics of the vco. 

PLL design considerations 

Many integrated circuits use phase-locked loops 
along with specialized circuitry to form specialized 
circuit functions. The versatility of these special sys¬ 
tems has been sacrificed for convenience and circuit 
optimization. Circuits such as the ^A758 Stereo Mul¬ 
tiplex Decoder, TDA2541 Video l-F System, and 
others have built-in PLLs which have been optimized 

table 1. User's guide to phase-locked loop ICs. 

output 




max 


swing 

center 


upper 

lock 

fm 

±5% 

frequency 


freq 

range 

distor¬ 

deviation 

stability 


(MHz) 

(%F 0 

tion 

(volts p-p) 

(ppm/°C) 

NE560 

30 

40% 

0.3% 

1 

±600 

NE561 

30 

40% 

0.3% 

1 

±600 

NE562 

30 

40% 

0.5% 

1 

±600 

NE564 

50 

30% 



±200 

NE565 

0.5 

120% 

0.2% 

0.15 

±200 

SE565 

0.5 

120% 

0.2% 

0.15 

±100 

NE567 

0.5 

14% 

5%* 

0.20 

35 ± 60 

SE567 

0.5 

14% 

5%* 

0.20 

35± 60 

NE566 

0.5 

N/A 

0.2% 

30%/V§ 

±200 

SE566 

0.5 

N/A 

0.2% 

30% /V§ 

±100 


expected input frequency range. Since the loop's 
capture ability is a function of the difference between 
the incoming and free-running frequencies, the band 
edges of the capture range are always centered 
about the free-run frequency. Typically the lock 
range is also centered about the free-run frequency. 
By choosing a center frequency offset from the in¬ 
coming signal, the detection or tracking range of the 
loop is limited to one side. This permits rejection of 
an adjacent higher (or lower) frequency signal and 
still permits wideband operation (narrowband opera¬ 
tion reduces tracking speed). 


frequency 





drift/w 



typical 

supply 

supply 

input 

a-m 

supply 

voltage 

voltage 

resist¬ 

output 

current 

range 

(%/V) 

ance 

avail 

(mA) 

(volts) 

0.3 

2k t 

no 

9 

+16 to +26 

0.3 

2k t 

yes 

10 

+16 to +26 

0.3 

2k t 

no 

12 

+16 to +30 





+ 5 to + 10 

0.16 

5k t 

no 

8 

± 6 to ±12 

0.08 

5k t 

no 

8 

± 6 to ± 12 

0.7 

20k t 

yes* 

7 

+ 4.75 to +9 

0.5 

20k t 

yes* 

6 

+ 4.75 to +9 

0.16 



7 

+12 to +26 

0.08 



7 

+12 to +16 


* A-m and fm outputs are available, but are not optimized for linear demodulation, 
t Input biased internally. 

§ Figure shown is vco gain in per cent deviation per volt. 

to perform best in those applications. But there are 
also PLLs which can be used as basic building ( 
blocks; these offer the most flexibility in circuit s 
design. Signetics offers three basic classes of single- i 
chip PLL circuits: the general purpose PLL, a PLL t 
with an added multiplier, and the PLL tone decoder. c 

National Semiconductor has a general-purpose PLL i 

and a tone decoder. A more complete list of the PLLs c 
available from various manufacturers is detailed in 
table 1 . t 

To obtain the optimum performance from a PLL c 
circuit it is important that the user become familiar t 

with the tradeoffs that can be made. To be more spe- c 

cific, the following discussion will be directed at the 
560, 561, 562, 564, 565, 566, and 567 phase-locked c 
loops. The tradeoffs and loop conditions, however, p 

will hold true for all basic PLLs. Generally speaking, e 

the user is free to select the frequency, tracking or 
lock range, capture range, and input amplitude. c 

p 

center frequency selection ^ 

Setting the center frequency is accomplished by l< 
selecting one or two external components. This free- r 

running frequency is usually set in the center of the c 


As was mentioned earlier, the loop uses a multipli¬ 
er in which the input signal is multiplied by a unity 
square wave at the vco frequency. The odd harmon¬ 
ics present in the square wave permit the loop to lock 
to input signals at these odd harmonics. Thus the 
center frequency may be set to 3 times or 5 times the 
input signal. The tracking range will, however, be 
considerably reduced as higher harmonics are used. 

It should also be noted that the PLL can lock onto 
the harmonic of the desired signal. If this is not ac¬ 
ceptable, steps must be taken (such as prefiltering) 
to prevent undesired lockup of the loop to harmoni¬ 
cally related signals. 

In evaluating the loop for a specific application, 
compute the magnitude of the expected signal com¬ 
ponent nearest f 0 . This magnitude can be used to 
estimate the lock and capture range. 

The PLLs are stabilized against center frequency 
drift due to power supply variations and the 565 and 
567 are temperature compensated over the full mili¬ 
tary temperature range (-55 to 125°C). All of the 
loops are affected by external components which 
must have equal (or better) stability over the desired 
operating temperature range. 
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Two things limit the lock or tracking range of a 
PLL. First, any vco can only swing so far; if the input 
signal frequency goes beyond this limit, lock will be 
lost. Second, the voltage developed by the phase de¬ 
tector is proportional to the product of both the 
phase and the amplitude of the in-band component 
to which the loop is locked. If the signal amplitude 
decreases, the phase difference between the signal 
and the vco must increase to maintain the same out- 


the lowpass filter should have a high cutoff frequen¬ 
cy. However, a lowpass filter with a high cutoff fre¬ 
quency will attenuate the sum frequencies to a lesser 
extent so the output contains a significant and often 
bothersome signal at twice the input frequency. (Re¬ 
member that the multiplier forms both the sum and 
difference frequencies; during lock the difference fre¬ 
quency is zero, but the sum frequency at twice the 
locked frequency is still present.) If necessary, the 
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fig. 7.10.7-MHz fm demodulator using an NE560 PLL 1C. Design details are given in the text. 


put voltage and, hence, the same frequency devi¬ 
ation. 

It often happens with low input amplitudes that 
even the full ± 90° phase range of the phase detector 
cannot generate enough voltage to permit tracking 
over wide deviations. When this occurs, the effective 
lock range is reduced. Therefore, if the input signal is 
weak, you must give up some tracking capability and 
accept greater phase errors. Conversely, a strong in¬ 
put signal will allow you to use the entire vco swing 
capability and keep the vco phase (referred to the in¬ 
put signal) very close to 90° throughout the range. 

Note that tracking range does not depend on the 
lowpass filter. If a lowpass filter is in the loop, how¬ 
ever, it will have the effect of limiting the maximum 
rate at which tracking can occur. Obviously, the volt¬ 
age across the lowpass filter capacitor cannot 
change instantly, so lock may be lost when suffi¬ 
ciently large step changes occur. Between the con¬ 
stant frequency input and the step-change frequency 
input is some limiting frequency slew rate at which 
lock is just barely maintained. When tracking at this 
rate, the phase difference is at its limit of 0° to 180°. 
It can be seen that if the lowpass filter's cutoff fre¬ 
quency is low, the loop will be unable to track as fast 
as when the lowpass filter's cutoff frequency is high¬ 
er. Thus, when maximum tracking rate is needed. 


unwanted sum frequency component can be filtered 
out with an external lowpass filter. 

capture range control 

There are two main reasons for making the low- 
pass filter time constant large. First, a large time con¬ 
stant provides an increased memory effect in the 
loop so that it remains at or near the operating fre¬ 
quency during momentary fading or loss of signal. 
Second, the large time constant integrates the phase 
detector output so that increased immunity to noise 
and out-band signals is obtained. 

In addition to the lower tracking rates of large loop 
filters, other penalties must be paid for the benefits 
gained; the capture range is reduced and the capture 
transient becomes longer. Reduction of capture 
range occurs because the loop must use the magni¬ 
tude of the difference frequency component at the 
phase detector to drive the vco toward the input fre¬ 
quency. If the cutoff frequency of the lowpass filter 
is low, the difference component amplitude is re¬ 
duced and the loop cannot swing as far. Thus, cap¬ 
ture range is reduced. 

choice of input level 

Whenever amplitude limiting of the in-band signal 
occurs, whether in the loop input stages or prior to 
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the input, the tracking (lock) and capture ranges 
become independent of signal amplitude. 

Better noise and out-band signal immunity is 
achieved when the input levels are below the limiting 
threshold since the input stage is in its linear region 
and the creation of cross-modulation components is 
reduced. Higher input levels will allow somewhat 
faster operation due to greater phase detector gain 
and will result in a lock range which becomes con¬ 
stant with amplitude as the phase detector gain 
becomes constant. Also, high input levels will result 
in a linear phase-versus-frequency characteristic. 

lock-up time and 
tracking speed control 

In tracking applications, lock-up time normally has 
little consequence, but occasions do arise when it is 
desirable to keep lock-up time short to minimize data 
loss when noise or extraneous signals drive the loop 
out of lock. Lock-up time is of great importance in 
tone decoder type applications. Tracking speed is im¬ 
portant if the loop is used to demodulate an fm sig¬ 
nal. Although tthe following discussion dwells largely 
on lock-up time, the same comments apply to track¬ 
ing speed. 

No simple expression is available which adequately 
describes the acquisition or lock-up time. This will be 
better appreciated after you have reviewed the fol¬ 
lowing factors which influence lock-up time: 

1.Input phase 

2. Lowpass filter characteristic 

3. Loop damping 

4. Deviation of input frequency from center 

frequency 

5. In-band input amplitude 

6. Out-of-band signals and noise 

7. Center frequency 

Fortunately, it is usually sufficient to know how to 
improve the lock-up time and what must be traded 
off to obtain faster lock-up. Suppose you have set up 
a loop or tone decoder and find that occasionally the 
lock-up transient is too long. Remember all the fac¬ 
tors that influence lock, what can be done to improve 
the situation? 

1. Initial phase relationship between the incom¬ 
ing signal and the vco; this is the greatest single fac¬ 
tor influencing the lock time. If the initial phase is 
wrong, it first drives the vco frequency away from 
the input frequency so the vco frequency must walk 
back on the beat notes. The only way to overcome 
this variation is to send phase information all the time 
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fig, 8. Free-running oscillator frequency as a function of vco 
timing capacitance. 

so that a favorable phase relationship is guaranteed 
at t = 0. Usually, however, the incoming phase can¬ 
not be controlled. Using two TTLs with the voltage- 
controlled oscillators synchronized 90° apart reduces 
worst-case lock-up time by one-half because the in¬ 
put can never be more than 45° out of phase with 
one of the loops. 

2. Lowpass filter. The larger the time constant of 
the lowpass filter, the longer the lock-up time. You 
can reduce the lock-up time by decreasing the filter 
time constant, but in doing so you sacrifice some of 
the noise immunity and out-of-band signal rejection 
which caused you to use a larger filter in the first 
place. You must also accept a sum frequency (twice 
the vco frequency) component at the lowpass filter 
and greater phase jitter resulting from out-of-band 
signals and noise. In the case of the tone decoder 
(where control of the capture range is required since 
it specifies the device bandwidth) a lower value low- 
pass capacitor automatically increases bandwidth. 
You gain speed only at the expense of added band¬ 
width. 

3. Loop damping for a simple time constant low- 
pass filter is: 



Damping can be increased not only by reducing r, as 
discussed above, but also by reducing the loop gain 
K v . By using the loop gain reduction to control band- 
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fig. 9. Typical RC lowpass filters. Approximate for¬ 
mulas describing their frequency response are 
presented in the text. 

width or capture and lock range, you achieve better 
damping for narrow bandwidth operation. The penal¬ 
ty for this damping is that more phase detector out¬ 
put is required for a given deviation so that phase er¬ 
rors are greater and noise immunity is reduced. Also, 
more input drive may be required for a given devi¬ 
ation. 

4. Input frequency deviation from free-running 
frequency. Naturally, the further an applied input sig¬ 
nal is from the free-running frequency of the loop, 
the longer it will take the loop to reach that frequency 
because of the charging time of the lowpass filter 
capacitor. Usually, however, the effect of this fre¬ 
quency deviation is small compared to the variation 
resulting from the inital phase uncertainty. Where 
loop damping is very low, however, it may be pre¬ 
dominant. 


with the reduced phase detector output (see 4 
above). 

6. Out-band signals and noise. Low levels of ex¬ 
traneous signals and noise have very little effect on 
the lock-up time, neither improving or degrading it. 
However, large levels may overdrive the loop input 
stage so that limiting occurs, at which point the in- 
band signal starts to be suppressed. The lower effec¬ 
tive input level can cause the lock-up time to in¬ 
crease, as discussed in 5 above. 

7. Center frequency. Since lock-up time can be 
described in terms of the number of cycles to lock, 
fastest lock-up is achieved at higher frequencies. 
Thus, whenever a system can be operated at a higher 
frequency, lock will typically be faster. Also, in sys¬ 
tems where different frequencies are being detected, 
on average the higher frequencies will be detected 
before the lower frequencies. Because of the wide 
variation due to initial phase, however, the reverse 
may be true for any single trial. 

In all of the above design considerations, it is im¬ 
portant to remember that the PLL is a dc loop. Any 
dc level change injected into the loop will affect its 
operation. The loop is also sensitive to temperature 
changes because most voltage-controlled oscillators 
have a temperature coefficient of around 600 
ppm/C°. The resistors and capacitors used in the fre- 
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fig. 10. A-m detector for 455-kHz i~f using the NE561 PLL. 


5. In-band input amplitude. Since input ampli¬ 
tude is one factor in the phase detector gain K d , and 
since K d is a factor in the loop gain K v , damping is 
also a function of input amplitude. When the input 
amplitude is low, the lock-up time may be limited by 
the rate at which the lowpass capacitor can charge 


quency determining network also have temperature 
coefficients which must be considered when design¬ 
ing circuits using the PLL. 

design examples 

Let's take a look at a practical design example 
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using the NE560 PLL as a 10.7-MHz fm demodulator 
(see fig. 7). 

Supply voltage. Generally, the operating voltage is 
determined by the available power supply or the 
device data sheet. The manufacturers specify the 
Vcc at which the device parameters were measured. 
This simplifies the Vcc selection since the device is 
tested at an optimum voltage; for the NE560 this 
voltage is 18 volts. Capacitor Cl is a decoupling ca¬ 
pacitor for the supply and should be located as close 
as possible to the Vcc pin °f the 1C. 

VCO free-run frequency. Since this is a 10.7-MHz 
detector, the approximate timing capacitance can be 
found on the data sheet graph. This graph (fig. 8) 
shows that the timing capacitor should be about 22 
pF. An approximate value for the timing capacitor 
can be found from: 



where C 0 is in pF and f 0 is in MHz. Using this formu¬ 
la, the capacitor is calculated to be about 28 pF. The 
design example uses a 22-pF capacitor in parallel 
with an 8-pF trim capacitor for fine tuning. 


Lowpass filter. The output of the phase detector is 
the sum and the difference of the input fm signal and 
the vco frequency. The loop filter must remove the 
sum component. Because the modulation on the in¬ 
coming signal contains the information desired, it is 
necessary to retain the difference frequency. In addi¬ 
tion, the attenuation of the high-frequency compo¬ 
nent increases the interference rejection characteris¬ 
tics. To maintain loop stability at all signal levels, the 
loop cannot cause more than 12 dB per octave 
rolloff. 

Fig. 9 shows several lowpass filter configurations. 
The circuits of figs. 9A and 9B can provide 6 dB per 
octave rolloff at the desired bandwidth frequency; re¬ 
sistor R x in 9C and 9D will break the response up at 
higher frequencies. R x is typically between 50 and 
200 ohms. Because of the complexities of the trans¬ 
fer functions, which many designers use to charac¬ 
terize these filters, it is usually easier to use approxi¬ 
mation formulas for the lowpass filter. For fig. 9A 
and 9B the formula is 



where /is the desired cutoff frequency. The lowpass 
filters of fig. 9C and 9D can be approximated by 
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fig. 11. 10.7-MHz fm modulator using the NE560 PLL. 
Resistor R8 provides ± 10% variation of the center frequen¬ 
cy. For best waveform linearity resistors R4 and R5 should 
be equal; minimum value for R4 and R5 is 20k. 


Assuming that the desired frequency bandwidth of 
the demodulated signal is 15 kHz, the filter capacitor 
values (C2 and C3 in fig. 7) are 

13 3 x 10~ 6 

c= l lj f j dr - =886 P p 

or approximately 0.001 fiF 

Resistors R1 and R2 were selected to be between 50 
and 200 ohms; I used 150-ohm resistors. 

De-emphasis filter. Standard fm broadcast stations 
use a de-emphasis time constant of approximately 75 
microseconds. According to the NE560 data sheet, 
the internal resistance into pin 10 is 8k. The 3 dB roll¬ 
off frequency is given by 

fidR = 2w RnCn Where R D is 8000 
For a time constant of 75 microseconds 

= = 0 0094 * F 

In practice, we can use a 0.01 /iF capacitor since the 
internal resistance has a ± 20 per cent tolerance. 

Output. The output, pin 9, has a 15k dc load and ac 
coupled output. The detected output amplitude for 
75 kHz deviation, according to the data sheet, is 30 
mV minimum. The demodulated output is emitter 
coupled and requires a dc path to ground. 


At frequencies greater than 5 MHz, the filters of fig. Input level. The input level required for a constant 

9C and 9D will provide greater loop stability. tracking range is 2 mV. Also, the a-m rejection char- 
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table 2. Dedicated JCs which use phase-locked loops. 


function 

part number 

manufactu 

FSK modulator/ 
demodulator 

XR210 

Exar 

CB synthesizer 

HCTR0340 

Hughes 


MC15104 

Motorola 


MM55104 

National 


NE575 

Signetics 


SP8920 

Plessey 

TV synthesizer 

NC6410 

Nitron 

Tone decoder 

NE567 

Signetics 


LM567 

National 


XR567 

Exar 

Stereo decoder 

m A758 

Signetics 


LM1310 

National 


LM1800 

National 

VCO function generator 

NE566 

Signetics 


LM566 

National 


11C58C 

Fairchild 


MC4024 

Motorola 


acteristic for high input signal levels is reduced for 
signals greater than 30 mV, so the input signal should 
be between 2 and 20 mV. 


control current). Since no information is taken from 
the lowpass filter, the filter capacitor, C2, is not criti¬ 
cal; the value is selected to maintain loop stability. I 
used a 0.01 for C2 which worked quite well. 

Capacitors C8, C9, and resistor R c form a post a-m 
filter to eliminate carrier feedthrough; R3 is optional 
because that output is not used. 

frequency modulation 

Since the PLL 1C contains a vco, frequency modu¬ 
lation is accomplished by summing a modulating sig¬ 
nal with the error signal or by changing the dc level to 
control the vco at the modulating rate. Referring to 
fig. 10, if the current into pin 6 becomes a variable 
current, the vco will change frequency at the modu¬ 
lated rate. The vco output is taken at pin 5. 

Another method of changing the frequency is to 
insert offset currents across the timing capacitor. To 
build a 10.7-MHz fm modulator, the circuit of fig. 7 
can be modified as shown in fig. 11. Note that the in¬ 
put is ac grounded and the vco output is taken from 
pin 5. Frequency deviation can be approximated by 
the formula given below. 


synchronous a-m detector 

Because the NE561 has a multiplier incorporated 
on the chip, it is possible to accomplish synchronous 
a-m detection; fig. 10 shows the circuit. The vco 
tracks the input to the phase detector with a 90° 
phase shift. By shifting the input signal 90° the vco 
and the input become in phase. These signals are 
mixed in the multiplier — the output is the a-m signal 
(due to the amplitude difference of the input, the 
constant amplitude of the vco, and the 90° phase dif¬ 
ference). 

To accomplish this phase shift of the input, a sim¬ 
ple RC lag network is used. The values of R1, C3, R2, 
and C4 are calculated using the relationship 


R1C3 = R2C4= (assume Rl = 12k) 

2 Vo 


Thus C3 C4 2*455x101x12x10* 29 

(Use a standard value, 27 pF.) 

The timing capacitor is calculated as 

pF[fo in MHz) 

JO 

C 6 ^660 pF (use a standard value, 680 pF) 

By controlling the current into pin 6 the vco can be 
fine tuned so the absolute value of C6 is not critical. 
By injecting or loading current into pin 6, the vco fre¬ 
quency can be adjusted ±20 per cent (with 4 mA 


f=f r jkzAii 

J Jo 1/ 1300 R J 

By incorporating a switching arrangement the circuit 
can be used as both an fm demodulator and 
modulator. 

summary 

In addition to the basic PLL, many manufacturers 
have ICs for dedicated applications which incorpor¬ 
ate PLLs into the design. For example, the CA3089 is 
an fm i-f strip which contains all the functions of an 
i-f amplifier and audio detector. Because these parts 
are dedicated to a specific application, however, they 
lose flexibility. Table 2 is a partial list of parts which 
use PLLs in dedicated applications. This list is by no 
means complete, but is an indication of the various 
types of circuits which are presently available. 

In summary, the PLL is a versatile building block 
for use in frequency manipulating circuits. By careful 
design, an awareness of the PLL's limitations, and 
knowledge of the design tradeoffs, you will find them 
as easy to use as operational amplifiers. 
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The Perfect Mobile Rig 


With its exclusive PLUG-IN-AND-GO MOBILE MOUNT, its light weight 
(7 pounds), and compact size (3’/?" high X 9 Vi" wide X 914" deep) the Atlas 
210x/215x is the perfect mobile rig 

To go mobile just slip the 21 Ox into its mobile mount and all connections are 
made automatically. 

In |ust 10 seconds you're on the air mobile! 

/ATLAS 21 Ox or 215x $765\ 

\ with noise blanker $810 / 



417 Via Del Monte. Oceanside. CA 92054 

Phone |714| 433 1983 
Special Customet Service Direct Line 

1714) 433-9591 

MADE IN AMERICA 
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SAN DIEGO COUNTY AMATEUR RADIO COUNCIL,INC 
/\ SPONSORS THE 



1978 SB 


IS 


IS 


AND THE 


QCWA NATIONAL CONVENTION 


SAN DIEGO 


SEPTEMBER 
22 - 23 - 24 


Town s Country Convention Center 


1978 ARRL NATIONAL CONVENTION, SAN DIEGO, CALIF. SEPT. 22-24,1978 


REGISTRATION DATA FORM (Please print or type) 
NAME.CALL .. 


MAKE NAME BADGES AS BELOW 
CALL NAME CITY 


STREET 


CITY 


STATE, 


ZIP 


ADVANCE REGISTRATION WITH BANQUET (Ladies & Regular). 


Each Person-Number 

.. $19.00. I _f 


ADVANCE REGISTRATION ONLY. $ 6.00 

ADVANCE REGISTRATION BANQUET ONLY. ? . $13.00 

REGISTRATION ONLY—AFTER SEPT. 15,1978. $ 7.00 

BANQUET ONLY—AFTER SEPT. 15,1978 . . $14.00 

LADIES LUNCHEON (None sold at door; Minimum 200). $ 8.00 


CHECK/MONEY ORDER ENCLOSED FOR $.IN PAYMENT FOR TOTAL OF ABOVE 


MAKE PAYABLE TO: SANDARC 
MAIL TO: SANDARC 
P.O. BOX 563 
POWAY, CA 92064 


TALK 

IN: 


{ 


3.900 MHZ 
146.04-.64 MHZ 
147.75-.15 MHZ 


} 


HOTEL RESERVATIONS: CONTACT, 
TOWN & COUNTRY HOTEL 
500 HOTEL CIRCLE 

SAN DIEGO, CA 92108 (714)291-7131 


NOTES: Only a limited number of banquet tickets will be sold at the door. Be sure to state you are at¬ 
tending the ARRL Convention when requesting hotel reservations. Cut off date for guaranteed reser¬ 
vations is Sept. 7, 1978. Please check your preference for breakfast Sunday, Sept. 24; L _/DXZ_/ 

QCWAZ_/WCARSZ_/FMZ_/MARSZ_/TRAFFICS_/WPSS. Breakfast tickets will be sold Sat., Sept. 23 in 

the registration area. Breakfasts and prices will be controlled by the sponsoring group. Breakfasts 
held will depend on sponsors and your interest. Requests for refunds must be postmarked prior to 
Sept. 15, 1978. 

GENERAL CHAIRMAN: Sam Dear, K6BWT, 1 3031 Papago Dr., Poway, CA 92064 

( 714 ) 566-7893 
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Incredible 



incredible, that's the word people are using to 
describe the CT-50 frequency counter Why' 5 Simple, 
the CT-50 is an achievement in design; exceptional 
tow in cost, compact, easy to use and unmatched in 
performance and reliability 

Features ot the CT-50 include; easy pushbutton 
operation, fully automatic decimal point positioning, 
quality shielded metal case and dependable LSI 
circuitry Full eight digit readout allows resolution 
to 1 Hz at 65 mHz. 10 Hz at 650 mHz. and the decimal 
point is always correct Input protection to 50 volts 
insuies against accidental burnout or overload And 
the best feature of all is the easy assembly Clear step 
by step instructions guide you to a finished unit you 
can rely on 

Use the order blank below or call us direct and 
order yours today r 

CT-50, 60 mHz Counter Kit $89.95 

CT-50 WT, 60 mHz counter, wired, tested 159.95 
CT-600, 600 mHz prescaler option 

tor CT-50, add 29.95 


ACCESSORIES 

DC probe, direct input, general purpose type $i2 95 

High impedance probe, does not toad circuit 15 95 

Low pass probe used when measuring audio 15 95 

High pass probe, reduces low irqq pickup 15 95 

VHF flexible rubber antenna 8NC connector 12 95 


Color burst adapter, tor calibration high accuracy 14 95 
typically 0.001 ppm accuracy stability 

ramss^i slastroniss 

PO. Box 4072 Rochester NY 14610 
(716)271-6487 


SPECIFICATIONS 

Frequency range 5 Hz to 65 mHz. 600 mHz with CT-600 
Resolution 10 Hz @ 0 1 sec gale, 1 Hz @ 1 sec gate 
Readout 3 digit, 0 4 U high LED, direct readout in mHz 
Accuracy adjustable to 0 5 ppm 

Stabilrty 2 0 ppm over 10 fo 40 C, tempera fore 
compensated 

Inpul BNC. 1 megohm 20 pf direct. 50 ohm with CT-600 
Overload 50VAC maximum, all modes 

Sensitivity less than 25 mv to 65 mHz. 50150 mv to 
600 mHz 

Power 110 VAC 5 Watts or 12 VDC @ 400 ma 
Size 6" x 4" x 2". high quality aluminum case. 2 lbs 
ICS 13 units, all socketed 

CT-600: 600 mHz prescaler option fils msrde CT-50 

CEM Color burst adapter, use wrfh cofor TV tor extreme 
accuracy and stability typically 0 001 ppm 


1 

hamsey tiscironies |B si 

Box 4072 71 6-271 -6487 mm 

Rochester, NY 14610 _■ 

1 

1 

Quantity 

Description Price 


1 



Shipping handling insurance $5 00 


N V state residents, add lax 


Total 

Name 


Address 

City 

State Zip . 

i_ 
















Bob Stein, W6NBI 


semi-precision 
voltage calibrator for 
digital voltmeters 

If you are relying on your digital voltmeter for accu¬ 
rate voltage measurements, you may have a problem 
which you have never considered — how well is your 
voltmeter calibrated? The specifications for the in¬ 
strument tell you its guaranteed accuracy, and 
should also state the period of time that this accuracy 
will be maintained after calibration. Typically, the 
period is between three months and one year, 
depending on the manufacturer's tests or specman- 
ship. After that, you must accept the DVM's accura¬ 
cy on faith, or have it recalibrated. If you are 
fortunate enough to have access to a calibration- 
standards laboratory, recalibration is no problem. 
Otherwise, you must return the voltmeter to the 
manufacturer's service center at a cost of at least $20 
plus shipping, plus the inconvenience of being with¬ 
out it for several weeks. 

An alternative is to build the voltage calibrator 
described in this article. Although it will not permit 
the same degree of calibration accuracy which can 
be achieved with precision voltage standards, it will 
indicate whether or not your DVM requires recalibra¬ 
tion and will allow you to perform the calibration if 
you are willing to accept about 0.3 per cent accuracy 
on dc and 1 per cent on ac. 

Because of its simplicity, the calibrator has several 
limitations, all of which are based on the assumption 
that most digital voltmeters owned by hams are inex¬ 
pensive, 3-1/2-digit types. First of all, both the ac 
and dc calibration adjustments on the DVM must be 
made by a single control for each, on the lowest ac 
and dc voltage ranges (accuracy of the higher volt¬ 


age ranges is dependent upon the accuracy of the 
input voltage dividers in instruments of this type). 
Second, the DVM calibration voltages specified in the 
instruction book must be within 25 per cent of either 
100 millivolts or 1 volt; the voltage calibrator is 
designed to allow you to choose one of these two 
calibration voltages. And third, the dc input resis¬ 
tance of the DVM must be at least 10 megohms, 
although lower input resistances can be accommo¬ 
dated at the expense of accuracy. 

In addition to the voltage calibrator, an audio-fre¬ 
quency generator having a low output impedance is 
required. This generator must supply a voltage equal 
to the specified ac calibration voltage, at the frequen¬ 
cy specified by the manufacturer of the DVM. Other 
than that, the voltage calibrator is self-contained and 
self-calibrating. 

circuit description 

The voltage calibrator circuit is shown in fig. 1. 
Two LM308 op amps are used in a precision full- 
wave rectifier circuit to obtain an ac calibrating volt¬ 
age by substitution. A reference voltage source, to 
be described later, provides the dc calibrating voltage 
and a reference for the rectifier circuit. Either a 100.0- 
millivolt or a 1.000-volt reference voltage source is 
used, depending on the requirements of the DVM 
undergoing calibration. It can be seen that when 
switch SI is in the DC CAL position, the reference 
voltage source is connected directly to the DVM, per¬ 
mitting calibration of the dc voltage range. 

Since the precision full-wave rectifier is dc coupled, 
it will respond to dc as well as ac; its output can 
therefore be calibrated from the reference voltage 
source. The ac signal from the audio generator is ad¬ 
justed to provide an equivalent dc output from the 
rectifier, which is measured using the DVM (already 
calibrated on its dc range). Since the ac input is now 
known in terms of the dc output from the rectifier, 
the DVM is connected directly to the audio generator 
and calibrated for ac voltage. 

Let's now examine the precision rectifier, de¬ 
scribed by Dobkin in reference 1, in more detail. 
LM308 op amps were selected because of their low 
input-bias currents, ensuring that the bias current 
supplied from the reference voltage source would 
not exceed 14 nanoamperes. When an ac voltage is 
applied to the inverting inputs of both op amps, U1 
functions as a half-wave rectifier and produces the 
output shown in fig. 2B. The positive half-cycle of 
the input is inverted in the op amp and applied to the 
inverting input of U2 through CR1 and R6. The in¬ 
verted negative half-cycle of the input is clamped at 
approximately 0.7 volt by CR2, but is isolated from 
U2 by CR1. Therefore the output of U1 which 
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reaches U2 is a true half-wave rectified version of the 
input, having the same peak amplitude, epk- 
To simplify the explanation, it is best to consider 
the two inputs to U2 separately. The output of U1 is 
applied to U2 through R6. Therefore the gain of U2 
for this input is established by the ratio (R7 + R8)/R6. 
If this gain is set at 2.222 by means of GAIN control 
R8, the output resulting from this input would be as 
shown in fig. 2C. Simultaneously, the original ac in¬ 
put is applied to U2 through R4, with the gain of U2 
for this input being determined by the ratio 
(R7 + R8)/R4. Since R4 is twice the value of R6, 
within the tolerances of 1-per cent resistors, the gain 
becomes 1.111 for the same setting of R8; the resul¬ 
tant output is shown in fig. 2D. Waveforms C and D 
are summed (more rigorously, the input currents are 
summed), producing the actual output shown in fig. 
2E. Note that this is a full-wave rectified version of 
the ac input, but amplified by a factor of 1.111. The 
dc level at the output of the rectifier circuit is equal to 
the average value of the input signal times the gain of 
the circuit. Since the average value of a sine wave or 
a full-wave rectified sine wave is 0.6366 times the 
peak value, the dc output becomes 0.6366 x 
l.lllepk, or 0.707epk, which is the rms value of the 
ac input. 
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fig. 2. Waveforms of the precision full-wave rectifier circuit. 
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fig. 1. Schematic diagram of the semi-precision voltage 
calibrator. Switch SI must be a nonshorting type rotary 
switch. The reference voltage source is shown in fig. 3. 


Note that there are no coupling capacitors within 
the rectifier circuit, allowing it to operate as a dc am¬ 
plifier having a gain of 1.111. Therefore a known dc 
voltage, E, applied to the input will produce an out¬ 
put equal to LI HE. It is this characteristic which 
permits ac calibration using a dc source. 

The input offset voltages of U1 and U2 are nulled 
by means of potentiometers R13 and R14, respec¬ 
tively, in order to establish zero output voltage for 
zero input. The entire circuit may be powered by two 
inexpensive 9-volt transistor batteries, or a dual-volt¬ 
age power supply can be used; total current drain is 
less than 2 milliamperes. 

The sequence of operation is as follows: The DVM 
is calibrated on its dc range, as described previously, 
when switch SI is set to DC CAL. When SI is set to 
NULL 1, the output of U1 is nulled by means of R13, 
and when SI is set to NULL 2, the output of U2 is 
nulled with R14. In the GAIN position of SI, the dc 
reference voltage source is applied to the rectifier in¬ 
put and GAIN control R8 is adjusted for a dc output, 
indicated on the DVM, of 1.111 times the reference 
voltage. Next, SI is switched to its AC SET position, 
which connects the external af generator to the input 
of the rectifier. The amplitude of the audio-generator 
signal is then adjusted to provide a dc reading on the 
DVM which is equal to the dc reference voltage; 
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therefore the rms value of this ac signal is now equal 
to the dc reference. Finally, SI is set to AC CAL, 
which connects the audio generator directly to the 
DVM. Changing the DVM function switch to AC 
VOLTS then permits calibration of its ac range. 


Also from fig. 3A, 



R102 796.2 803.5 


= 0.00001141 


R — 87 637 ohms 


reference voltage source 

As you may have deduced from the discussion so 
far, the accuracy of the voltage calibrator is depend¬ 
ent upon the accuracy of the reference voltage 
source. Fortunately, the source utilizes an inexpen¬ 
sive and commonly available 1.35-volt mercury cell. 
Suitable types, the most expensive of which costs 
about $2, are listed below. All are 1.35-volt reference 
cells. Mercury cells are also made with a 1.4-volt 
emf; they are not usable in this application. 


Mallory 

Eveready 

Burgess 

RM12R 

E12N 

HG12R 

RM401R 

E401N 

HG401R 

RM502R 

E502 

HG502R 

RM601R 

E601 

HG601R 


Although the battery voltage is specified to only 
two decimal places, it's been determined by a large 
equipment manufacturer that the terminal voltage of 
a new battery under about 0.1-milliampere load is 
within a millivolt or two of 1.354 millivolts. This value 
has been used as a basis for the reference voltage. 

Fig. 3A shows the circuit of the 100.0-millivolt 
source, and fig. 3B shows the 1.000-volt source. To 
establish a reference voltage with an accuracy of 
± 0.2 per cent, it would be necessary to use selected 
or special values of 0.1 per cent resistors. To elimi¬ 
nate this obviously impractical requirement (for the 
average user), standard values of 1 per cent resistors 
have been specified. However, these must be bridged 
or measured on a calibrated digital ohmmeter which 
is accurate to within ±0.1 per cent. Since it is the 
ratio of the two sections of the voltage divider across 
the battery, (rather than the absolute resistances) 
which determines the reference voltage, it is possible 
to calculate a value for resistor R when the values of 
R101 and R102 are accurately known. Selecting a 
standard 1 per cent value which is closest to the cal¬ 
culated value of R will always result in a divider with¬ 
in the required accuracy.* 

For example, assume that you have borrowed a 
Wheatstone bridge and have determined that the 
values of R101 and R102 for a 100.0-millivolt source 
are 9984.7 and 803.5 ohms, respectively. From 
fig. 3A, 

„ _ R101 _ 9984.7 __ ry 

R P 12.540 12.540 796 2 oh 


•Refer to the end of this article for a source of these resistors. 


The nearest standard 1 per cent resistance value is 
86.6k ohms, which is then connected in parallel with 
R102. If you recalculate Rp using the limiting values 
of an 86.6k, 1 per cent resistor (i.e., 85 734 and 
87 466 ohms), and then calculate the ratios of 
RIOl/Rp , you will find that they are well within 0.1 
per cent of 12.540. This holds true for any value of R 
required for the ranges of R101 and R102. 

To simplify the selection of a value for R, Rp has 
been plotted against the resistance of R101 in fig. 4 
for both the 100.0-millivolt and 1.000-volt reference 
voltage sources. If the measured value of R102 is 
within 0.1 per cent of Rp, R will not be required. If 
the value of R102 is higher than Rp, R can be 
selected as described above. If R102 has a measured 
resistance less than R p , it cannot be used, 
necessitating a change in either R101 or R102. 

When the voltage calibrator is in use, either the 
DVM or the precision rectifier input is connected in 
parallel with the bottom section of the voltage 
divider. The effect of this on the 100.0-millivolt 
source is negligible because of the low value of Rp . 
However, the effect on the 1.000-volt source cannot 
be disregarded because of the relatively high value of 
R101 in that circuit. Thus the equation for the selec¬ 
tion of Rp in fig. 3B, as well as the graphical repre¬ 
sentation in fig. 4, has taken into account the shunt¬ 
ing effect of a typical 10-megohm DVM input 
resistance. 

The equivalent input resistance of the precision 
rectifier circuit (including the effect of the op amps' 





tOO.OmV REFERENCE VOLTAGE SOURCE 



o 


I OOOV REFERENCE VOLTAGE SOURCE 


fig. 3. Reference voltage sources for use with the voltage 
calibrator. In each circuit, R is selected so that it, in parallel 
with R102, will satisfy the equations shown next to each cir¬ 
cuit, within ±0.2 per cent. R m in circuit B is the input 
resistance of the DVM. Refer to the text for suitable battery 
types. 
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input-bias currents) will be between 5 and 65 meg¬ 
ohms, depending on the individual devices which are 
used. When connected to the reference voltage 
source, the input voltage to the rectifier circuit will 
differ from that applied to the DVM by less than 0.1 
per cent, which is insignificant compared to the 1 per 
cent accuracy of the precision rectifier. 

Little need be said about building the voltage cali¬ 
brator. The parts layout and arrangement are not at 
all critical, allowing any type of construction to be 
used. Point-to-point wiring on perf or copper-clad 
board will suffice, as will a printed-circuit board. 

It is recommended that potentiometers R13 and 
R14 be multiturn types, because the nulling adjust¬ 
ments are critical. Since the calibrator will be used in¬ 
frequently, these controls as well as GAIN potentiom¬ 
eter R8 can be multiturn, screwdriver-adjust trimmer 
pots. 

One precaution — do not solder the mercury cell 
into the circuit. Rather, buy or build a suitable holder. 
A fresh battery should always be used for calibration; 
the battery must be easily replaceable. 

DVM calibration 

Connect the DVM to be calibrated to the DVM ter¬ 
minals of the voltage calibrator, and set it to the ap¬ 
propriate dc range. Connect an audio-frequency gen¬ 
erator to the AF GEN terminals of the calibrator, with 
the generator output turned down to zero. Apply +9 
and -9 volts dc to the calibrator, and allow the cali¬ 
brator and DVM to warm up for at least 15 minutes. 

The complete calibration procedure is as follows. 
The numerical values given in each step are based on 
using the 100.0-millivolt reference; equivalent values 
for the 1.000-volt reference are in parentheses. 
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fig. 4. Values of R p plotted against the measured resistance 
of R101, from the formulas given in fig. 3. R102 must be 
equal to or greater than R p . as explained in the text. 


1. Set SI to DC CAL and adjust the DVM dc calibra¬ 
tion control for a reading of 100.0 millivolts (1.000 
volt). 

2. Set SI to NULL 1 and adjust NULL 1 potentiom¬ 
eter R13 for a reading on the DVM as close to zero as 
possible. 

3. Set SI to NULL 2 and adjust NULL 2 potentiom¬ 
eter R14 for a reading on the DVM as close as possi¬ 
ble to zero. 

4. Repeat steps 2 and 3; the nulls should be within 
0.1 millivolt (1 millivolt) of zero. 

5. Set SI to GAIN and adjust GAIN control R8 for a 
reading of 111.1 millivolts (1.111 volts) on the DVM. 

6. Set SI to AC SET and adjust the af generator 
output for a reading of exactly 100.0 millivolts (1.000 
volt) on the DVM. Note that the DVM is still set to 
read dc voltage. 

7. Set the DVM to read ac volts and set SI to AC 
CAL. Adjust the DVM ac calibration control for a 
reading of 100.0 millivolts (1.000 volt). 

The DVM is now calibrated within normally accept¬ 
able standards for most amateur work. As the title of 
this article indicates, the calibrator is only a semi-pre¬ 
cision substitute for a voltage calibration standard. 
But for most ham and experimental applications, its 
accuracy should suffice. 

source of precision resistors 

Precision resistors for the voltage calibrator can be 
supplied by Melvin Sales Company, Post Office Box 
5283, San Mateo, California 94402. The following 
sets will be made available: 

postpaid cost, postpaid cost via 
description USA & Canada air, other countries 


Matched set ( ± 0.2%) of 
voltage-divider resistors 


for 100.0-mV source 

$2.50 

$3.00 

Matched set ( ±0.2%) of 
voltage-divider resistors 
for 1.000-V source 

2.50 

3.00 

Set of five 1% resistors 
for precision rectifier 

1.50 

2.00 

*Set of five resistors 
(nominally 100, Ik, 10k, 
100k, and 1M ohms) in¬ 
dividually calibrated to 
±0.1% for use as 
resistance standards 

4.00 

4.50 


# Not required for voltage calibration, but are suitable for checking or ad¬ 
justing resistance ranges of a digital volt-ohmmeter. 


reference 

1. Robert C. Dobkin, “Precision AC/DC Converters," Linear Brief LB-8, 
National Semiconductor Corporation, Santa Clara, California 95051, 
August, 1969. 
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The age of tone control has come to 
Amateur Radio. What better way to utilize 
our ever diminishing resource of fre¬ 
quency spectrum? Sub-audible tone 
control allows several repeaters to share 
the same channel with minimal geo¬ 
graphic separation. It allows protection 
from intermod and interference for 
repeaters, remote base stations, and 
autopatches. It even allows silent moni¬ 
toring of our crowded simplex channels. 


We make the most reliable and complete 
line of tone products available. All are 
totally immune to RF, use plug-in, field 
replaceable, frequency determining 
elements for low cost and the most 
accurate and stable frequency control 
possible. Our impeccable 1 day delivery 
is unmatched in the industry and you are 
protected by a full 1 year warranty when 
our products are returned to the factory 
for repair. Isn’t it time for you to get into 
the New Age of tone control? 
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TS-1 Sub-Audible Encoder-Decoder * Microminiature in 
size.1.25"x2 0 *65 * Encodes and decodes simultaneously* 
$59.95 complete with K-1 element. 

TS-1JR Suh-Auditrle Encoder-Decoder * Microminiature 
version ol the TS-1 measuring just 10 * 1.25 x .65. for hand¬ 
held units • $79.95 complete with K-t element. 

ME-3 Sub-Audible Encoder • Microminiature in size, 
measures 45" x 1.1 x 6 • Instant start up • $29.95 complete 
with K-t element 

TE-B Eight-Tone Sub-Audible Encoder • Measures 2.6 x 
2 0x7 • Frequency selection made by either a pull to ground 
or to supply * $69.95 with 8 K-1 elements. 

PE-2 Two-fone Sequential Encoder lor paging ♦ Two call 
unit • Measures 125 * 2.0 x .65 • $49.95 with 2 K-2 elements. 

- - r ‘ % “ ” 


SD-1 Two-Tone Sequential Decoder * Frequency range is 
26B.b-2109.4Hz ‘Measures 1.2 x 1.67 x.65 • Momentary 
output for horn relay, latched output for call light and receiver 
muting built-in • $59.95 with 2 K-2 elements. 

TE-12 Twelve-Tone Sub-Audible or Burst-Tone Encoder • 

Frequency range is 67.0- 263.0 Hz sub-audible or 1650- 4200 Hz 
burst-tone • Measures 4.25 x 2 5 x 1.5 • $79.95 with 
12 K-1 elements, 

ST-1 Burst-Tone Encoder • Measures .95 x 5 x ,5 plus 
K-1 measurements • Frequency range is 1650-4200 Hz * 

$29,95 with K-1 element. 

COMMUNICATIONS 
SPECIALISTS 

426 W. Taft Ave., Orange. CA 92667 
(714) 998-3021 












































multiband 

J Antenna 


Construction of a 
novel multiband J antenna 
for home or mobile use 
called the “J on a J” 

Need a tri-band, vertical vhf antenna? Does your 
car look like an excited porcupine? Do you have a 30- 
meter tower and want omnidirectional coverage from 
a single antenna structure for all the repeater bands 
without the nulling effects of side mounting? The an¬ 
tenna system described here can be made for 10, 6, 
and 2 meters, 220 and 450 MHz, or all five bands. An¬ 
tennas for the higher frequencies, 144, 220, and 450 
MHz, can also be mounted as a single antenna struc¬ 
ture on a plastic car (the antennas don't require a 
ground plane). Interested? Read on. 

J antennas 

The J antenna has been around a long time. It is 
primarily a ham antenna, never having gained accep¬ 
tance in the commercial world, although it has been 
sporadically manufactured by several companies. 
The J antenna is a half-wavelength radiator mounted 
vertically and end-fed with a quarter-wavelength res¬ 
onant transmission line (basically an end-fed Zep). Its 
angle of radiation and gain are the same as a half¬ 
wavelength antenna; electrically it is similar to the 
coaxial or sleeve antenna. The horizontal radiation 


I pattern of the J antenna is almost a perfect circle, 
even when mounted on a metal roof of a car, 
because it doesn't require a ground plane and can be 
mounted well above the vehicle's roof. 

The J antenna is fed at the appropriate point on 
the quarter-wavelength resonant line portion of the 
antenna (see fig. 1). Since the impedance on a reso¬ 
nant quarter-wavelength line goes from zero at the 
shorted end to infinite at the open end, it's possible 
to provide a good match to almost any transmission 
line. For best isolation from the supporting mast, 
however, it's necessary to feed the antenna with a 
balanced feedline; if you use coax, this requires a 
balun. If a balun is too much bother, the antenna can 
be fed directly with coax at the proper impedance 
matching point. In this case there will be some inter¬ 
action between the antenna and the mast. 

multibanding 

After noting that the J antenna doesn't care 
what's below the shorting block at the bottom of the 
quarter-wave section, and it doesn't care about the 
diameter of the radiator (within reason), I concluded 
that a 450-MHz J antenna could be located on top of 
a 144 MHz J as shown in fig. 2. Chris Bushman, 
WB6EEQ, took me seriously and built just such a sys¬ 
tem. That was two years ago and it's still working 
very well. 

Expanding this concept to include other bands 
would give you a single antenna structure, to install 
in that critical spot on the top of your tower, that in- 

By Bob Thornburg, WB6JPI, 13135 Ventura 
Boulevard, Studio City, California 91604 
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eludes 10 meters, 6 meters, 2 meters, 220 MHz, and 
450 MHz. Dimensions are given in table 1 for all 
these although only a 144-220-450 mobile version has 
actually been built and tested by WA6VSK. 


design 


The design of the J antenna is very simple. The 
length of the quarter-wavelength matching section is 
given by 


1134 

Jmhz 



2880 

Jmhz 


(inches) 


The half-wavelength radiator is approximately twice 
this length or 


2181 

JmHz 


(cm) = 


3340 

fMHz 


(inches) 


The spacing between the mast portion of the quar¬ 
ter-wave section and the quarter-wavelength rod is 
not critical as long as the two are parallel. 


construction 

A mobile 144-220-450 MHz J antenna can be easily 
built from a CB whip. A base station vhf/uhf J that 
includes 10 and 6 meters should be built with alumi¬ 
num tubing. Since the antenna should not be insu¬ 
lated, a push-up mast would work well for the 10 
meter and up antenna. 

The mobile J antenna is made from an ordinary CB 
whip. For strength cut 60 cm (2 feet) from the top of 
the antenna and use this piece for the 144-MHz stub. 
The shorting blocks are aluminum stock drilled as 
shown in fig. 3. The spacers to maintain the stub 
spacing for 144 and 220 MHz are made from plexi¬ 
glass, drilled the same as the corresponding shorting 
block. No plexiglass spacer is needed for the 450- 
MHz section. Cut the quarter-wavelength stubs 


the quarter-wave 200-ohm point is an arbitrary length 
of TV twinlead. Other forms of feedline can also 
be used. 

The 50-ohm coax may be directly fed to the stub at 
the appropriate 50-ohm point with the shield tied to 



fig. 1. Basic J antenna consists of a half-wavelength vertical 
radiator and quarter-wavelength matching section. The bal¬ 
anced feedpoint (use balun with coax feedline) is moved 
along the quarter-wave section until a match is obtained. 
Unbalanced feed may also be used, as described in the text. 
The base of the antenna (shorting bar) may be grounded. 


the opposite side. The stub could also be insulated 
from the shorting block and fed like a quarter-wave 
antenna (which it isn't). In general, the J antenna is 
relatively tolerant of the actual feedpoint or tech¬ 
nique. 


table 1. Construction dimensions for the half-wavelength J antenna. 


frequency 

(MHz) 

A 

B 

C 

D 

E 

F 

29.0 

7.52 m 

2.51 m 

15 cm 

31.8 cm 

6.4 cm 

3.42 m 

52.5 

4.16 m 

1.38 m 

10 cm 

19.1 cm 

3.8 cm 

1.89 m 

147.0 

1.49 m 

49.5 cm 

5 cm 

6.4 cm 

1.9 cm 

67.3 cm 

223.5 

97.2 cm 

32.1 cm 

3.8 cm 

4.1 cm 

1.3 cm 

44.1 cm 

440.0 

48.9 cm 

16.5 cm 

2.5 cm 

2.1 cm 

1.3 cm 

22.4 cm 

29.0 

296.5" 

98.75" 

6" 

12.5" 

2.5" 

134.5" 

52.5 

163.75" 

54.50" 

4" 

7.5" 

1.5" 

74.25" 

147.0 

58.50" 

19.50" 

2" 

2.5" 

0.75" 

26.50" 

223.5 

38.25" 

12.63" 

1.5" 

1.63" 

% 

Lfi 

o 

17.38" 

440.0 

19.25" 

6.50" 

1.0" 

0.83" 

0.5" 

8.83" 


about 8-10 cm (3-4 inches) longer than necessary to 
allow tuning and as a convenient place to store the 
balun (under the shorting block). 

The balun is simply a half-wavelength section of 
50-ohm coaxial cable as shown in fig. 4. The feed to 


The feedlines for the higher-frequency antennas 
actually become part of the lower-frequency antenna 
system. For this reason they must be tied closely to 
the main antenna pole. This provides capacitative 
coupling through the coax jacket and ensures that 
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the outer shield electrically follows the fields on the 
main antenna; for all practical purposes it becomes 
part of that structure. 

tuning 

As noted previously, the specific location of the 
feedpoints is not too critical. However, the length of 
the stub is very critical and by adjusting the stub 



O © 


fig. 2. Muitiband J antennas for 146 and 460 MHz, A, and for 
146, 223, and 450 MHz, B. Antennas built by the author were 
fed with separate coaxial feedlines and baluns. 

length, nearly any antenna length or feedpoint can 
be matched. The recommended procedure is to fully 
assemble the antenna, connect an rf source to the 
highest frequency coax, and adjust the appropriate 
stub for minimum vswr. If the vswr at the edge of the 
band is less than 2:1 (and more-or-less symmetrical) 
move on to the next highest frequency/coax and 
tune the stub. After adjustment is completed, re¬ 
check the lower frequency antenna because there is 
some interaction. 



fig. 3. Layout of the aluminum shorting bars and plexiglass 
spacers. Dimensions C and E are given in table 1. 


If the bandwidth is too narrow for your application, 
load the tuned section more by moving the feedpoint 
toward the antenna portion. The 2:1 swr bandwidth 
should be at least 10 MHz at 450 MHz, 4 MHz at 220 
MHz, and 3 MHz at 144 MHz. 

operation 

The original design of the multiband J antenna 
was intended to allow operation on one band at a 
time, with the unused coax connectors left open. 
There is a reasonable amount of coupling between 
the sections so that if you are transmitting on 144 
MHz, for example, some of this energy will be re¬ 
ceived by the 450-MHz antenna. Measurements have 
shown this coupled power to be 15-20 dB down, but 
that's still sufficient to damage a sensitive receiver 
frontend. 

I don't recommend you try two-band duplex oper¬ 
ation with this antenna system, although with the ex¬ 
cellent preselectors in the Motorola Motrac, it has 
been done on 450 MHz and 146 MHz without 
damage. 

ham radio 


RG-58A/U 
COAX FEEDLtNE 
ANY LENGTH 


50 OHMS 



fig. 4. Construction of the half-wavelength coaxial balun. 
Length F is given in table 1. 
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Colpitts 

design technique 


Concise, accurate 
design technique 
for Colpitts oscillators 
eliminates the need 
for empirical design 

Almost everyone interested in radio communica¬ 
tions has at one time been confronted with the need 
for a high-frequency oscillator. Unfortunately, little 
information is available to help those individuals 
design their own oscillator circuits. This article 
describes a technique for the design of a Colpitts 
oscillator which is applicable to both crystal and LC 
oscillators. The technique to be described is simple, 
and yet has been proven to be more effective than 
empirical solutions. Basic oscillator design at the 
lower frequencies is covered in many textbooks and, 
therefore, will not be described in detail. 

Although this article will deal exclusively with the 
Siliconix U310, the design equations are also appli¬ 
cable to bipolar transistors. For reasons to be men- 


oscillator 

I tioned later, bipolar transistors are not as desirable in 
some applications. Subjects such as oscillator noise 
and stability are covered elsewhere and will not be 
described in detail here. More specifically, what will 
be dealt with is what it takes to get the oscillator to 
start oscillating. The technique offered is simple 
enough so that you need not know how oscillators 
oscillate. Since scientific calculators are now selling 
for less than fifty dollars, it is justifiable to do away 
with some of the old "rule-of-thumb" solutions. 

basic assumptions 

The Colpitts oscillator is perhaps most commonly 
seen in the configuration shown in fig. 1. To simplify 
the analysis, those components necessary for dc 
operation have been omitted (fig. 2). To further sim¬ 
plify the ac analysis, the oscillator is redrawn in the 
configuration shown in fig. 3. This is the general 
form of a common-gate amplifier, with a feedback 
capacitor, Cl, between the input and the output. 
The amplifier is considered with no signal applied 
from an external source; the input is shunted only by 
C2 and the source-bias resistor. Note that if the capa¬ 
citors were replaced with inductors and vice versa, 
the circuit would be the common Hartley oscillator. 
An analysis is somewhat easier with the circuit in fig. 
3 since it now appears as a resonant tank circuit with 
an amplifier connected to it. However, one more cir¬ 
cuit element needs to be added: the load resistance, 
R L . This is the element which will accept power from 

By Larry Leighton, WB6BPI, Siliconix Incor¬ 
porated, 2201 Laurelwood Road, Santa Clara, 
California 95054 
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the oscillator. For this circuit to oscillate, all that's 
necessary is enough energy be tapped from the tank 
circuit, amplified, and routed back to the tank circuit 
to compensate for the energy absorbed by R L . 

The first step is to determine what output power is 
required. This, of course, depends upon the applica¬ 
tion, but in most cases it will be relatively low, partic¬ 
ularly when frequency stability is of prime impor¬ 
tance. Crystal oscillators generally have relatively low 
output levels, mainly to prevent the crystal from frac¬ 
turing. In one case, a crystal ordered from a promi¬ 
nent manufacturer had a rated power dissipation of 
one milliwatt. To obtain more power from an oscil¬ 
lator with a fixed-supply voltage, a lower load imped¬ 
ance is required. If a lower load impedance is applied, 
however, either the gain of the transistor has to be 
increased, or feedback has to be increased to main¬ 
tain oscillation. Since the crystal is in series with the 
feedback signal, care must be taken when consider¬ 
ing how much output power you can expect from the 
oscillator. 

Another consideration regarding output power is 
that inductors and capacitors do consume some 
power. They always have some associated series 
resistance which can be minimized by using higher- 
quality components. When rf current passes through 
these components, heat is generated from the power 
dissipated across the resistance. This heat causes a 
change in the values of the inductor or capacitor and, 
hence, a change in frequency. The effects of these 
changes and the changes associated with various 
components are covered in reference 1. 

The transistor also has power-limiting characteris¬ 
tics. From turn-on of the oscillator, until a steady- 
state condition has been reached, the transistor 
parameters will change. The amount of change must 
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fig. 2. Ac model of the common-gate Colpitts 
oscillator shown in fig. 1. For analysis, the dc 
components have been eliminated. 


generally be determined empirically, but can be mini¬ 
mized by operating the transistor at relatively low 
power, limiting output from the oscillator. 

In this article, the Siliconix U310 jfet is character¬ 
ized at 9 volts drain-to-gate voltage and 2 mA of 
drain current in the common-gate configuration. This 
is thought to be a fair compromise between output 
power and parameter changes. Consider a class-A 
oscillator in which the drain current does not appreci¬ 
ably change from the oscillating to not-oscillating 
condition. If optimized, it will be less than 50 per cent 
efficient, with a maximum output power of 9 milli¬ 
watts (9 V«2 mA/2). Oscillator design almost always 
requires some compromises, so there is nothing 
binding regarding the 9 volt, 2 mA operating point; it 
can be changed to meet the needs of your appli¬ 
cation. 

oscillator design 

The first step to consider in oscillator design is the 
required output power; the second is to determine 
the load resistance necessary to obtain the required 
output. The load the oscillator requires is almost 
always different than the amplifier, buffer, or mixer it 
must drive. Initially, only the oscillator load will be 
considered. 

Only class-A oscillators will be discussed in this 
article because the transistor parameter changes are 
more easily defined. If the supply voltage and drain 
current are known, the solution for the load 
resistance, R Lt is 

O _( V DS~ VoS(sat )) 2 
r L~ ~ YP 

z r out 


fig. 1. Schematic diagram of a basic common- 

gate Colpitts oscillator. Vos (sat) can be obtained from the data sheet; in this 
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case it is 2 volts. Earlier it was determined that 9 milli¬ 
watts would be a desirable output. Given the operat¬ 
ing point of 9 volts: 

jpm 

Since V D s($at) ' s only an approximation, rounding R L 
to 2700 ohms for use in the following calculations is 
justified. 



fig. 3. To further simplify analysis of the oscillator, 
this diagram shows the circuit redrawn into the 
general form of a common-gate amplifier. 


The third item to consider is transistor selection. 
The Siliconix U310 has been demonstrated to oper¬ 
ate as an oscillator up to 900 MHz. 2 It has an advan¬ 
tage over more commonly available vhf and uhf jfets 
because of its high zero-bias drain current and g m 
(forward transconductance). This means that the 
U310 has potentially higher output power and more 
stable characteristics when operated at a lower-drain 
current. Another distinct advantage of the U310 is 
that the gate lead, and in this case, the intrinsic bulk 
of the transistor, is connected to the metal case of 
the transistor package. Therefore, the U310 can be 
used with a heatsink, minimizing the change in tran¬ 
sistor parameters. Although not recommended by 
the factory, an alternative heatsink method is to 
solder the U3t0's case to the chassis. This is conven¬ 
ient only when used in the common-gate configura¬ 
tion (be careful when soldering, as the U310 can be 
destroyed by overheating). 

Perhaps the most critical parameter in amplifier 
design is the gain stability factor of the transistor 
itself. 3 The Siliconix U310, when operated in the 
common-gate configuration at 20 volts and 10 mA, is 
unconditionally stable at almost ail frequencies. In 
fact, when loaded with practical, somewhat lossy 
external components, the U310 could be considered 
unconditionally stable at all frequencies. Uncondi¬ 
tional stability, by definition, means the transistor will 
not oscillate when presented with any positive real 
source or load impedance; stability, therefore, is a 
measure of the transistor's ability to oscillate. 

It is desirable that the stability factor of the transis¬ 
tor is such that it will not oscillate. This may seem 


contradictory to the design goal, but is used to em¬ 
phasize that the source of feedback necessary to sus¬ 
tain oscillation should be the option of the designer 
and not the transistor. In the common-gate configur¬ 
ation, the U310 has been optimized to the point 
where the intrinsic feedback elements of the tran¬ 
sistor are so small that the values of feedback neces¬ 
sary to make the U310 oscillate are the choice of the 
designer. 

Most rf bipolar transistors, in the equivalent com¬ 
mon-base configuration, are only conditionally stable 
and tend to be so at many frequencies. Special pre¬ 
cautions must be taken to insure oscillation at only 
the desired frequencies. This requires more compo¬ 
nents, which increases cost and decreases reliability. 
Also, very few bipolars, designed for the common- 
base configuration, are available. 

The next item to consider is the operating or load¬ 
ed Q. (QJ of the resonant tank circuit. The value 
chosen for Ql is very much dependent upon the 
application. In addition, there are upper and lower re¬ 
strictions on Qj In an attempt to make low, the 
transistor's reactive components would assume a 
higher percentage of the total circuit values. This is 
undesirable in many applications since stability 
would be sacrificed as the transistor parameters 
change with temperature. Additionally, the harmonic 
content of the output increases as Ql decreases. 
There are many applications where Ql should be 
very high. One example would be when a low-noise 
oscillator is required to drive a sensitive mixer or 
product detector. 

The upper limit for Q L is established by the unload¬ 
ed (MC^) of the inductor and how critical the tuning 
adjustment can be; this is particularly true for crystal 
oscillators. 



OUTPUT 

-o- 


-O 


C7 


rh 


fig. 4. A common-source oscillator shown 
asanac model. 


At very high frequencies, the of the capacitor 
must also be considered, especially when using 
capacitors generally designed for use at lower fre¬ 
quencies. While Ql * s used as a starting point for cal¬ 
culations, the final value of Ql will be different than 
the initial assigned value. In general, the small 
change will not affect circuit performance. 
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The of a reactive element is determined by the 
intrinsic resistive element. In circuits where higher- 
quality capacitors are used, this resistance generally 
can be disregarded. Inductors, however, with only a 
few exceptions, must always be considered as hav¬ 
ing some associated resistance. The unloaded Q is 
defined as: 



where R s is the series resistance of the inductor, and 
X L is the inductive reactance at the operating fre¬ 
quency f 0 . Qu can be measured, but in those 
instances where it can't, assuming a Q u between 150 
to 250 is safe, if standard inductor winding tech¬ 
niques are used. 

In those cases where a Ql of 10 or greater is 
chosen, it is beneficial to include in the calcula¬ 
tions necessary to determine total Ri, since the cir¬ 
cuit performance will be altered. When time permits, 
it is advisable to include for all designs. The 
effects of Q# can best be emphasized by the 
following: 


Insertion loss = 20 logjo 



For a Qx. of 10 and a of 100, the insertion loss 
would equal 0.92 dB. This means that 0.92 dB of the 
total power is dissipated across the inductor rather 
than delivered to R L . A side effect is that as gets 
smaller, the change in frequency from initial turn-on 
increases because the power dissipated across the 
inductor causes it to change reactance. This is 
especially true in those cases where a ferrite core is 
used for tuning.i Many of the commercially-available 
inductors, particularly the smaller molded variety, are 
not designed for use in frequency-determining appli¬ 
cations where stability is of concern. The Qy of many 
of the smaller molded inductors is as low as 50, 
which means with a Qj^-10, the insertion loss of the 
inductor is 1.94 dB. The point to keep in mind is that 
wherever frequency stability is the prime considera¬ 
tion, Qy is very important, even though its effects 
may have to be determined empirically. 

y parameters 

This design technique will use what is commonly 
referred to as admittance, or y parameters. The oscil¬ 
lator designs presented here require the use of 
algebra and trigonometry with the y parameters. 
Review material can be found in any of the standard 
references. 4 * 5 

One item which should be understood concerning 
y parameters is their relationship to ohms and reac¬ 


tance. Resistance is a measure of the opposition to 
current flow. Its counterpart in terms of admittance 
is conductance, which is a measure of the accepta¬ 
bility to current flow. They are simply related; one 
thousand ohms is equal to 1/1000 mho (the mho is 
designated as the siemens). 

Reactance is a measure of the opposition to 
changing current flow and its counterpart in terms of 
admittance is susceptance; these are also similarly 
related: 1000 ohms reactance is equal to 1/1000 sie¬ 
mens of susceptance. Just as inductors and capaci¬ 
tors have different signs attached to them in terms of 
reactance, they also have different signs in terms of 
susceptance. 

Inductors in terms of susceptance have negative 
signs placed in front of them and capacitors have 
plus signs in front of them. Therefore, a capacitive 
reactance of 1000 ohms is equal to +1/1000 sie¬ 
mens, and an inductive reactance of 1000 ohms is 
equal to — 1/1000 siemens. Another simple relation¬ 
ship is that 1000 ohms equals 1 millisiemens or mS, 
(1000 ohms— 1/1000 siemens = 0.001 siemens = 1 
millisiemens ). This article will use the term millisie¬ 
mens or mS often so it is important to be familiar 
with the relationships. The relationships previously 
described regarding reactance and susceptance are 
correct and usable as relates to this article. 

Referring to figs. 3 and 4, the oscillator designs 
will determine the component values necessary to 
start the initial oscillations. For oscillations to start, 
the ac resistance measured at the junction of Cl, LI, 
R l , and the drain of Q1 must be infinite. 5 But, in 
terms of conductance, it would be zero. Therefore, 
the conditions necessary to start oscillations are: 


where 

3 h 


yt =3>22 - 


y2iyi2 

yn 


= zero 


terminal conductance (junction of Cl, 
LI, Rl, and the drain of Q1) 


3 >22 = output admittance of the circuit 
y 2 i - forward transconductance of the 
circuit 


yn = reverse transconductance of the circuit 
y 1} - input admittance of the circuit 


These parameters also include the y parameter data 
of the transistors, which in most cases are available 
from their data sheets. The parameters might be 
listed as shown in table 1. 

Listed below are the equations which relate com¬ 
mon source, gate, and drain parameters to each 
other. These equations also relate to bipolar tran¬ 
sistors, except the source becomes the emitter, the 
gate becomes the base, and the drain becomes the 
collector. To convert common-gate parameters to 
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common-source parameters: 

yils ~ (gig + gfg + grg + gog) ~j( b ig + tyg+ b T g + b Q g) 

y21s = - t (gfg + gog) ± j( b fg + b ogA 
yi 2 s ~ ~ t(£rg ^ £og) —j( b rg frog)! 

3 ^ 2.5 ~ gog ^ b og 

where the non-subscript g represents conductance 
and the non-subscript b represents susceptance. To 
convert from common source to common gate, 
exchange s and g subscript values. That is 

y 21 g - - Ugfs+gos) ±j( b fs + b os )] 

From this point on, unless stated otherwise, all 
numerical terms will be in millisiemens (mS); instead 
of using the term 1000 ohms or 1/1000 siemens, 1 
mS will be used. Further, in many cases the mS will 
be implied and, therefore, just the number with its 
sign will be used. If no sign is given, it is assumed to 
be positive. As an example: yn=+7.66 x 10~ 3 
siemens +j 1.59 x 10~ 3 siemens will be shown as 
yn-7.66 + j 1.59, where the first term is the con¬ 
ductance and the second term the susceptance. 

common source design 

This design example will use the common-source 
oscillator shown in fig. 4. Earlier calculations for the 
common-gate oscillator determined the R L to be 
2700 ohms, which will also be used in the common- 
source example in addition to an f 0 of 100 MHz. A Qi 
of 10 has been selected since it yields practical com¬ 
ponent values. Referring to fig. 5, 



Rl v _2700 
X u orXu 10 


therefore, X u equals 270 ohms or -3.7 mS. At 100 
MHz, this is an inductance of 430 nH, or approxi¬ 
mately 10 turns of no. 22 AWG (0.6 mm) enameled 
wire wound on a 6.5 mm (1 /4-inch) drill bit. An ac¬ 
tual inductor was wound and found to be 422 nH for 
an X L2 of 265 ohms. The number used for the calcu¬ 
lations is therefore -3.77 mS. The of the in¬ 
ductor was measured to be 188, so the resistance in 
shunt with the inductor is equal to0.02 mS, t (X i J(Q M ) 
= Rp, (265)(188) = 50k ohms or 0.02 mS]. The induc¬ 
tive susceptance (bi) and conductance (gj can be 
added to the transistor's y parameters in the follow¬ 
ing manner: 


yn = Ugin+gi)} ±jUbin + bi)] 

y2i = Ug2n ~ giJ] ±jl(b2is - bjJ] 

yi2 = Ugl2s ~gJ] ±jU b 12s ~ bj ] 
y22 = Ug22s+glJ} ±jU b 22s + b L)} 


The 100 MHz y parameters, from table 1, for the 
Siliconix U310 are: 


yus=~ 0.919+j3.34 
y2U = 8-5-jl.8 
yi 2 s= - 0.0455-j 1.13 
y 2 2s= 0.129+j 1.18 

Adding the inductive susceptance (b|_= -3.77) and 
shunt conductance (g^ = 0.02) yields: 

yii — U~ 0.919+ 0.02)] ±j[(3.34) + (- 3. 77)] 

3 >21 = 1(8.5) - (0 . 02)] ± j[(- 1.8)-(-3.77)] 

yi 2 =l(- 0.0455)- (0.02)) ±jl(- 1.13)- (- 3. 77)] 

y22 = 1(0.129 + 0 . 02 )] ±j[(1.18) + (- 3. 77)] 

or 

y 21 — - 0.0899- j 0.435 
y 21 ~ 8.48 +j 1.97 
y 22 — - 0.0655+j2.64 
y 2 2 — 0.149— j 2.59 


Any slight discrepancies noted can be attributed to 
round-off errors. All of these calculations were done 
with an HP67 programmable calculator with auto¬ 
matic rounding. 


table 1. y-parameter listing for the Siliconix U310 operated at 9 volts 
and 2 mA. The unit, in all cases, is mS. 

common gate common source 

Y 11 = Yjg * n P u t admittance y 1t = y is input admittance 

Y 21 = Yfg forward transconductance y 21 = y fs forward transconductance 
V 12 = Vrg reverse transconductance y 12 — y rs reverse transconductance 
Y 22 = y 0 g output admittance - Vos output admittance 




common gate 


freq. 

(MHz) 

Yii 

Y 21 

Yl2 

Y 22 

100 

7.66 + j 1.59 

- 8.62 + ] 0.615 

- 0.0831-j 0.0512 

0.129 + ] 1.18 

125 

8.75 + j 1.92 

- 8.56 + j 0.824 

- 0.0914-j 0.0714 

0.111 + j 1.49 

150 

8.98 + j2.34 

- 8.47 +j 0.816 

- 0.0797-j 0.0861 

0.129 +j 1.81 

175 

9.06 + j 2.80 

-8.55 + J0.646 

- 0.0669-j 0,0972 

0.126 + ] 2.13 

200 

9.07 + j 3.24 

-8.84-] 0.112 

- 0.0602-j 0.119 

0.124 + ] 2.42 



common source 


freq. 

(MHz) 

Yu 

Y 21 

V 12 

Y 22 

100 

- 0.919 +j 3.34 

8.50-j 1.8 

-0.0455-j1.13 

0.129+j 1.18 

125 

0.209 + ] 4.16 

8.45-j 2.31 

- 0.0197-j 1.41 

0.111 + j 1.49 

150 

0.563 + j 4.88 

8.34-j 2.62 

- 0.0490-j 1.72 

0.129 + ] 1.81 

175 

0.576 + j 5.48 

8.42 - j 2.77 

- 0.0589-] 2.03 

0.126 + j 2.13 

200 

0.294+ j 5.43 

8.71-j 2.31 

- 0.0633-j 2.3 

0.124+j 2.42 
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The next step is to add the load conductance 
(0.370 mS) to g 2 2 , the real part of y 22 . 

y 22 =(0-149+0.37)-j 2.59 
= 0.519-j 2.59 


In this design, the real part will be disregarded and 
only the imaginary part (43.3 mS) will be used. 

The bj lt value of 43.3 mS is the susceptance of the 
input shunt capacitance, C2. At 100 MHz, 43.3 mS 


Change the sign of the susceptance and record it as 
b 22 = 2.59 mS. This is the starting value of suscep¬ 
tance which will be used to tune the circuit to 
resonance, whereupon b 22 equals zero. The new set 
of y parameters from the previous operations are: 

yu= — 0.0899—j 0.435 
y 2 i — 8.48 +j 1.97 
yi2 — — 0.0655 +j 2.64 



y 22 = 0.519±j0 


The next step is to find the value which when added 
to the input of the transistor will make the circuits out¬ 
put conductance zero. This can be found by solving: 


yin 


y2iyi2 

g22 


-yn 


fig. 5. A common-source Colpitts oscillator designed using 
the procedure described in the text. 


susceptance is equal to an X C2 of 23.11 ohms, which 
is 69 pF. Add 43.3 mS (b llt ) to bu fora new total b }J 
of 42.8 mS. Subtract the load conductance, 0.370 
mS, from g 22 for a new g 22 of 0.149 mS. And finally, 
solve the equation: 


= (g21g!2~ b 2 lb,2)+j(g2lbl2 + gl2b 2 l) _ ( gn+ j bn ) 


-0.00576+j 0.0222 
0.519 


(- 0.899-j 0.433) 


0.023 L 105° 
0.519 


(- 0.899-j0.433)* 


= 0.0442 L 105° - (-0.899-j 0.433) 

= (- 11.1 +j 42.8) - (-0.899-j 0.433) 

= - 10.2+j 43.3 mS 

Since the solution produces a real part which is 
negative, the addition to the input of the transistor 
cannot be performed with passive components. The 
real part is not always negative; in many cases it can 
be a positive resistance, but if added to the circuit it 
increases the cost and adds complexity. I'll demon¬ 
strate that the real component of y lu can be 
neglected, with little error added to the calculations. 


*The numerator in the expression y 21 y 12 /g22 mu st be converted to polar 
form before it can be divided by g 22 . When a polar-to-rectangular conver¬ 
sion key is not provided on the calculator, the following rules must be ap¬ 
plied: If the real part of the numerator is greater than zero, the angle is equal 
to tan - ^{lm/Re). If the real part is less than zero or negative, the angle is 
180° + tan - ^(Im/Re), where lm is the imaginary part of >2/3'i2 and iS 
the real part. To divide, retain the angle of y 12 y 2 i and divide by 0.519. The 
polar form of this expression must now be converted back to rectangular 
form to subtract y 11 . The imaginary part is (sin 105°)(0.0442) = 42.8 mS and 
the real part (cosine 105°)(0.0442) = - 11.1 mS. 


yout 


= 522 ~ 


ynyn 

yn 


=0.149- 


= 0.149- 


= 0.149 - 


(g2lgI2 - b2lbi2)+jjg2lbj2+^ gl^bgl) 
-0.899 + 42.8 

- 0.00576+j 0.0222 ] 

-0.899+42.8 J 

0.023 L 104.5 "I 
42.81 L 91.2 J 


= 0.149— (5.357x 10~ 4 13.3) 


= 0.149- (0.521 +j 0.123) 
yout ~ —0.373 —j 0.123 millisiemens 


To tune to resonance, change the sign of the 
imaginary part and add this value to the first recorded 
value of b 22 ( 2.59 + 0.123 = 2.71 mS). This is the total 
susceptance of Cl at 100 MHz. The reactance of Cl 
is 369 ohms, or 4.31 pF at 100 MHz. Note that the 
real part of y out is equal to -0.373 mS or -2681 
ohms. The desired value was -2700 ohms, an error 
of less than 1 per cent. This is the error introduced by 
not using the real part of y llt . 

After all the calculations were performed, the cir¬ 
cuit in fig. 5 was constructed and tested. The value 
of C2 required to start oscillations was found to be 45 
pF instead of the calculated value of 69 pF. The feed¬ 
back network consisting of LI and the dc blocking 
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capacitor were removed, and the circuit was 
measured again. The lead lengths, added value of 
the dc blocking capacitor, and the fact that the in¬ 
ductor was slightly distorted from its original shape, 
changed the total feedback circuit to be equivalent to 



fig. 6. A common-gate oscillator designed with the 
generalized design technique. 

497 nH or -3.2 mS. This changes the calculated 
value of C2 from 69 pF to 53 pF. Further, if the value 
of g m (forward transconductance) were reduced by a 
factor of 10 per cent, a conceivable situation, the 
value of C2 would change to 48 pF, not far from the 
measured 45 pF. 

The previous calculations assume that all 
measurements are absolutely accurate. Since this is 
not possible in practice, Cl and C2 should be variable 
to compensate for inaccuracies in measurements, as 
well as changes in transistor parameters. 

The values calculated for the passive components 
in the circuit are those values required to start oscilla¬ 
tion. As the circuit oscillates, the net parameters of 
the transistor change and consequently, the values 
of Cl and C2 will change. The equations presented in 
this article only provide a starting point, but are a 
preferred alternative to the empirical approach. 

common gate design 

The common-gate oscillator in fig. 3 is easily 
designed by starting with the values of Cl and LI ob¬ 
tained from the common-source oscillator problem 
and adding them to the common-gate parameters. 
The common-gate y parameters for the U310 at 9 
volts and 2 mA are: 

yn g = 7.66 +j 1.59 
y2lg= - 8.62+ j .615 
y 12g = - 0 0831 -j 0 . 0512 
y 2 2 g — 0.129 +- j 1.18 

Add the source resistor (in this case 1000 ohms or 1 
mS) to gu ; y u then equals 8.66 + j 1.59. Using the 
value of capacitance for Cl obtained in the first 
design, select the closest standard value, fixed 


capacitor available. Since a 5-pF capacitor is general¬ 
ly more available, this value is used for Cl in fig. 6 . 
Since both terminals of Cl are at some rf potential, a 
tuning tool will generally change the total value of 
the feedback capacitance by some unknown 
amount, therefore necessitating the use of a fixed 
value, instead of a variable capacitor. The 5-pF value 
is equal to 3.14 mS at 100 MHz, and can be added to 
the new y parameters in the following manner: 

yn=gn±j (bn + bf) 

y 2 l=g 2 l ± j (b 2 i - bf) 
yn = gn -j (bn ~ bf) 
y 22 - g 22 -j (b 22 + bf) 

which yields 

yn = 8.66 +j 4.13 
y 2] = - 8.62- j2.53 
yi2 = - 0.0831-j 3.19 
y 22 ~ 0-129 +j 4.32 

To the new value of y22, you should add the value 
of R l (0.370 mS) to g L and also X L1 (- 3.77 mS) to 
b|_i, yielding 3^2 = 0.499 + j 0.551. The value of 622 
should be recorded for future use. As in the 
common-source example, set 622 equal to zero and 
calculate yn t . The calculated value of y llt (-23.4 + j 
50.9) serves as a starting value for C2. The next step 
consists of adding 50.9 mS to bn, subtracting theg L 
of 0.370 mS from g 2 2, and solving for y out , which 
equals -0.338-j 0.205 millisiemens. The final value 
for LI can be determined by solving the following 
equation: 

Xu = (~ V(b 0 ui) + (~ V(b22) + (bLl) 

= (- 1)(- 0.205) +(- 1)(0.551) + (— 3 . 77) 

— —4.12 mS 

which equals 243 ohms or 386 nH. 

Note that g ou t= -0.338 mS (-2.95k ohms), which 
is not the desired - 2.7k ohms. The reason for the er- 



fig. 7. The same oscillator shown in fig. 6, except designed 
with the more accurate method. 
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ror is the same as before — the real part of y llt was 
disregarded. This can easily be compensated for by 
decreasing the susceptance of C2. As an example, 
by reducing the susceptance of C2 by 10 per cent, 
g out becomes - 2626 ohms which is sufficient to start 
oscillation. The circuit for the common-gate con¬ 
figuration, before adjustment of C2 for the necessary 
gout' ]S shown in fig. 6. In this solution, the inductor 
should be variable, or the inductance decreased and 
a variable shunt capacitor added for adjustment. 

For those cases when a more accurate result is 
necessary, the following procedure may be used. 
Use those component values determined in the 
design for fig. 5 as a starting point and proceed with 
the following steps. 

1. Start with the U310 common-gate parameters. 

2. Add the source resistor to^;; (in this case, 1 mS) 

3. Add the susceptance of C2 to 677 

yu = 8.66+j 44.9 

4. Add the susceptance of Cl to bu and 622 - 

5. Subtract the susceptance of Cl from 62 ; and 

bi 2 , which produces new y parameters of: 

yn = 66 +7 47.6 

y 2 j — ~ 8.62- j 2.1 
yi2 = - 0.0831-j 2.76 
y 2 2 — 0.129 +7 3.89 


6 . Add the susceptance of LI to 622 

7. Add the load conductance to g 22 
y 22 = 0.499 +7 0.124 

8. Record the value of (- 1) ( b 22 ) or -0.124 mS 

9. Set b 22 equal to zero 

10. Solve the following equation forg/ and 6/ 


b f 


A +jB 
C+jD 


0.0094- j 0.255 
~ — 0.451 — j 42. 7 

= 0.00365+j 0.220 

where 

A - (g 22 gll ~~gl 2 g 21 + b 2 ibj 2 - bub 22 ) 
B = (g 22 bu + b 22 gu - gi 2 b 21 - g 2 j b 12 ) 

C ~(~ V(gl 2 + g 21 +gll+ g 22 ) 

D= (~ l)(bj 2 + b 21 + b 22 + bn) 

11. Record the value of bj 

12. Add 6/(0.220 mS) to 677 and b 22 


13. Subtract 6 /from b 21 and bj 2 to obtain 

3*77 = 8.66+J47.8 
3 ) 27 =- 8.62- j2.32 
yi 2 = ~ 0.0831- j 2.98 
y 22 = 0.499 +_ j 0.220 

14. Solve for y Ut , which yields 0.118 + j 0.260 

15. Record b Ut (0.260 mS) 

16. Add but to bn> yii — 66 +j 48.1 

17. Subtract the load conductance 0.370 mS from 

g 22 > J 22 = 0.129 + j 0.220 

18. Solve for 31 ^, which equals 
-0.371 -fj 0.00109 mS 

19. Record the value (— l)(b out )= - j 0.00109 mS 

20. Final values for Cl, C2, and LI are determined 
as follows: 

Cl Starting value of Cl from fig. 5 2.71 mS 

value of 6 / 0.22 mS 

2.93 mS 

Cl final value = 2.93 mS or4.67 pF 

C2 Starting value of C2 from fig. 5 43.3 mS 

value of bu t 0-26 mS 

43.6 mS 

C2final value = 43.6 mS or69.3 pF 

LI Starting value of LI from fig. 5 -3.77 mS 
plus (- l)(b 22 ) from step 8 -0.124 mS 
plus (- l)(b out ) from step 19 - 0.00109 mS 

-3.9 mS 

LI finalvalue= -3.9mSor409nH 

The final circuit diagram, with component values, 
is shown in fig. 7. Note that g out from step 18 is 
within 0.32 per cent of the desired g out of - 0.37 mS 
or -2.7k ohms. Again, the reason for the slight 



fig. 8. A 100-MHz crystal oscillator which was designed 
using the same methods as the Colpitts oscillators. 
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discrepancy is caused by disregarding the real parts 
of y llt and gj, and is of no consequence. 

crystal oscillators 

This oscillator design technique can be modified 
for use with crystal oscillators, particularly overtone 
crystals (fig. 8). When operated in the series- 
resonant mode, the crystal has some series 
resistance, which must be added to the transistor's 
common-gate parameters, along with the 1000-ohm 
source resistor. Given the common-gate y 
parameters: 

1. Add the source resistor to g 12 . 

2. Convert the y parameters to z parameters and 
add the series resistance of the crystal directly to 
the real part of A typical value of crystal series 
resistance is 80 ohms for a seventh overtone 
crystal; this data is available from the crystal 
manufacturer. 

3. Convert the z parameters back to y parameters. 

4. Convert the new set of common-gate 
parameters to common-source parameters. 

5. Design the circuit using the technique describ¬ 
ed for fig. 5. 

6. Using the common-gate parameters from step 
3, and the component values determined from 
step 5, complete the design by using those steps 
outlined for fig. 7. 


fig. 9. A lowpass L network for 
matching between the high source 
resistance of the oscillator and a 50- 
ohm load. 
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The necessary equations to convert y parameters 
to z parameters are: 


where 


*n = 


*12 = 


y22 

Ay 

y -~y2i 
Z21 ~ Ay 

-yi 2 

Ay 

T -111 
Z22 ~ Ay 


Ay = ynyn ~ ynyn 


To convert z parameters back to y parameters, inter¬ 
change the y and z values. 

It is helpful to know what effects the three circuit 
components have on the oscillator circuit. In general. 


when the input shunt capacitor is increased in value, 
the frequency of the oscillation is decreased, while 
the negative output resistance increases. Increasing 
the feedback capacitance lowers the frequency and 
also the negative output resistance. Changing the 
output reactance, theoretically, only changes the fre¬ 
quency and does not effect the output conductance. 


fig. 10. A highpass L network, in 
addition to impedance matching, 
also provides dc isolation for the 
load. 


The tuning procedure for the oscillator is quite 
easy (refer to figs. 3 and 4). Apply dc power to the 
oscillator. If it immediately oscillates, tune the output 
shunt element to the desired frequency. If the 
oscillator does not start, or ceases oscillation when 
tuning, decrease the capacitance of C2, which ad¬ 
justs the output conductance. When it has been 
determined that the oscillator is tuned to frequency 
and oscillating, the input shunt element (C2) can be 
adjusted for the desired output level and the output 
shunt element tuned for the correct frequency. 

The crystal oscillator is tuned in the same manner. 
The exception is when the parallel capacitance of the 
crystal is relatively high. In that case the procedure is 
to increase the capacitance of C2 until oscillation 
ceases and then decrease the capacitance in small in¬ 
crements until the circuit oscillates again. This pro¬ 
cedure should be followed since in some cases, the 
parallel capacitance of the crystal provides enough 
feedback to allow the circuit to oscillate at frequen¬ 
cies very close to f 0 , but not as a function of the 
series-resonant mode of the crystal. For breadboard 
designs, it is easiest to insert a resistor, equal to the 
series resistance of the crystal, in place of the crystal; 
the same tuneup procedure is used except that the 
resistor is replaced with the crystal during the last 
stages of tuning. 

As an added advantage, when using the U310 in 
the crystal oscillator circuit, the inductor sometimes 
shunted across the crystal to prevent spurious 
oscillations is not necessary. This inductor is almost 
always necessary when using a bipolar transistor as a 
Colpitts overtone oscillator. 

impedance matching 

Throughout this article, a load impedance of 2700 
ohms was used. The actual load will generally be 
some other value. Quite often this load will be 50 
ohms resistive. In this case, the 2700-ohm load 
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resistance necessary for oscillation will have to be 
matched to the 50-ohm load. The simplest solution is 
the L network shown in figs. 9 and 10. The value for 
the series reactive element can be found with the 
following equation: 

Xseries = 

where 

R s = series resistance of load 
Rp = parallel resistance to be transformed 

In this example 




The value for the shunt element can be determined 
from: 


X 


parallel 



116 MHz. The value of LI was changed to accommo¬ 
date the different frequencies. 

concluding comments 

This article is not intended as a construction pro¬ 
ject. However, those circuits shown with inductance 
and capacitance values have been built and tested, 
and performed very close to predictions. This design 
technique has been used for many oscillator designs 
and has been found to be superior to the empirical 
approach, particularly if a programmable scientific 
calculator is available. 

The techniques presented here appear to be equal¬ 
ly valid at the lower frequencies. The data necessary 
are gm> c tss> c oss' ar, d Ci sy This information is almost 
always obtainable from the transistor data sheet. 
These parameters can be substituted in the common- 
source y parameters by assuming the input and out¬ 
put resistance of the fet is very high and can, 
therefore, be disregarded. 


_ (50)(2700) 

364 

=371 ohms 

Fig. 11 shows the highpass matching network 
(fig. 10) applied to the common-gate oscillator 
shown in fig. 6. The 364-ohm reactance at 100 MHz 
is equivalent to 4.37 pF. Any error introduced by us¬ 
ing the nearest standard capacitance value (5 pF) can 
be compensated for by LI and C2. The shunt induc¬ 
tance of the matching network must be added to LI 
for a new total inductance for LI. This is easily ac¬ 
complished by adding the susceptance of X hara u e i 
and LI [-4,1 mS + (- 2.7 mSI- -6.8 mS SuS 
ohms inductive reactance which at 100 MHz equals 
234 nH]. The circuit in fig. 11 was constructed and 
the test results for 100 MHz are: Value of C2 to start 
oscillation = 43 pF; final values after tuning are Cl = 5 
pF; C2 = 25 pF; and LI =215 nH. Maximum power 
output = 9.2 milliwatts. With C2 set to 12 pF, the cir¬ 
cuit oscillated with crystals ranging from 95 MHz to 


yiis- o+j 



yils gm J 




y i2 *=°-i^r 

c rss 


yi2$ - 0 +j 



+ 



Low-frequency oscillator design is available from 
many sources. This technique might not be as usable 
as others, but it does allow a close approximation for 
low-frequency design. 

Expressing an idea is often difficult for me. I am 
gratified by the many personal, and professional 
friends who have helped expand this idea and also 
provided the additional enthusiasm and necessary 
technical expertise, especially Ed Oxner, manager of 
Special Projects Engineering at Siliconix, Will Alex¬ 
ander, WA6RD2, Earl McCune, WA6SUH, and Bon¬ 
nie (The Boss). 



fig. 11. When the highpass L network is used for matching, 
the shunt inductor is combined with inductance in the 
oscillator. In this case, LI is a slug-tuned 6.5 mm (1/4 inch) 
coil, wound with 6 turns of no. 18 AWG (1 mm) wire. The 
turns are spaced to occupy 12.5 mm (1/2 inch). 
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Now you can touch-tune the world 
coming and going . . . without ever 
touching the transceiver. 

With the Astro 200A touch-tune mike, 



The new Astro 200A has ail of the outstanding 
features of the field proven Astro 200 such as 
electronic tuning, all solid state circuitry, digital 
frequency synthesizer 200 Watts PEP input, full 
RF filtering, digital readout, squelch, variable 
speech processing, full metering. wwv 
receiver, VOX, LSB-USB-CW, and much more. 
Backed by years of experience in designing and 
manufacturing military and commercial 
communications equipment, CIR's Astro 20GA 
opens a new world of communications with 
lowest frequency drift and no VFO to calibrate 
Only 2,8" high x 9.5" wide* 12 3" deep. Ideal for 
mobile or fixed station. Net Price $1095.00. 
Made in U.S.A 

Accessories: AC Power supply $135 00 r 
Speaker in cabinet $29.95; Power supply and 
speaker combined $165.00; Station operating 
console with phone patch. 24 hr digital clock, 
speaker, 10 min timer $295 00; Desk 
microphone $38 00, Mobile mount $12,00; 400 
Hz narrow band CW filter $50.00. Update your 
ASTRO 200 with a Touch-Tune Microphone Kit, 
$50.00 


New Standard Features: 

* Touch-Tune Microphone 

* Automatic Noise Limiter 

* High VSWR Protection Circuit 

* Internally Lighted Meter 

* Improved Noise Blanker 

Write or phone tor complete details: Cl R 
Industries. Inc. 1648 N Magnolia Avenue 
El Cajon, California 92020 U.S.A. (714) 
449-7633 Telex 69-7989 


TRANSCEIVERS 


ASTRO 20QA ■ someday all radios will be tuned this way 






SEE THE CIR 

"ASTRO 200A" 
at the following Dealers 


U.SJL 

Amzooj 

QSA 59 r ' Amateur Radio 

CTR 

Mew 

Ph 602-834-6995 

California 

Desert Sound & Electronics 

Hesperia 

Ph 714 244 2555 

Ham Radio Outlet. 

Burlingame 

Ph 4 | h 342-5757 

Ham Radio Gullet. 

Anaheim 

Ph 714 761 3033 

Hjm Radio Qutici 
Van Nuy\ 

Ph 213 968 2212 

RQI Interpriun. 

Lav Angeles 
Ph ? 13 75 i 4191 

Quemerit fciecttonjc*. 

San Jove 

Ph 4 OH 996 5900 

We*1em Radio. 

5jii Dii-go 

Ph 7 14 239 036 1 

FhK*d» 

Amaleur Electronic Supply 
Orlando 

Ph 305-694 3238 

Idaho 

Custom Electronics, 

Boise 

Ph 208 343-06 B2 

Rovi, Distributing Co . 

Pees! on 

Ph 801 H52 0830 

Illinois 

Aureus Elec Romes, Inc 
Naperville 

pi i 312-420 8629 

Erickson Commuincation*. 
Chicago 

Ph 312 631 5181 

Kansas 

Re*.,nm E Iem borne v r 
Garden Cdy 

Ph 316-276 3470 

MattAchuiem 

Tufta Radio. 

Med'ortf 

Ph 61 ' 395 8280 

Nebraska 

Common £4 Ron* Center 
Lincoln 

Ph 800-226 4097 

Scolt Electronic!; Supply. 
North PJalte 
Ph 308 532 9260 

Scott electronic* Supply. 
Lincoln 

Ph JOB 464 8308 

Nieiveni Communications 
Inman 

Ph 402-394 5405 

w write direct to CIR 
tor free brochure 


New York 

Cf P Comm u n tea I ion s r I pic 

Horsehrads 

Ph 607 739 0187 

Hamson Radio, 
rarmuigdale 
Ph 800 645-9187 

QhH) 

Amateur Elec Ironic Supply. 
Cfpvpl and 
Ph 216 486 7330 

Oregon 

Coleman's L rye11* 

E leclrpmcv 
Medford 

Ph 503 7 79 7 776 

Eugene Amateur Radio, 
Eugene 

Ph 503 688 14 12 

Pod Janet Radio Supply. 
Portland 

Ph 503 228 364 7 

PofiManrt Radio Supply 
Medford 

Ph 50 3 773-581 5 

Penns yl^arnj 

Harntrohrcs 

I r t*vose 

Ph 215 357 ] 400 

South Dakota 

Bitr^hariJI Amateur Cenln 

Watertown 

Ph 605 886 7314 

Teias 

Witee Electronics Corp . 
Houston 

Ph 7 1 3 688 4228 

Washington 

A0C Comm unicat ions. 
Seattle 

Ph 206 364 8300 

ABC Comm urn cat-am. 
Everett 

Ph 206 353 6616 

ABC Comm u me at ions. 
Bellevue 

Ph 206 455 0224 

Wisconsin 

Amateur Electronic Supply 

Milwaukee 

Ph 414 442 4 200 

Wyoming 

Denco Cotnmun leaf tons Cen 
Camper 

Ph 307 234 9197 

CANADA 

Glrnwood T fading Co . Ltd 
278 East fust St 
Nodh Vancouver B C 
Canada V7L 785 
Ph 604 984 0404 

WSI Sales Cb 
Kitchener. Ontario 
Ph 519 579 0536 

OTHER COUNTRIES 

Magnus, 

57J 5 North Lincoln Avr 
Chicago, III 60659 
312 334 J502 

L C S Konsull AB, 

Bo* 11078 
S-161 11 Bromma, 

Sweden 


More Details? CHECK-OFF Page 142 


GET TO 
THE TOP 
FAST! 



NOW YOU CAN CHANGE. 

ADJUST OR JUST PLAIN WORK 
ON YOUR ANTENNA AND 
NEVER LEAVE THE GROUND! 

Rohn manufactures towers that 
are designed and engineered 
to do specific jobs and that is 
why we have the FOLD-OVER 
TOWER., designed for the 
amateur When you need to 
get at" your antenna just turn 
the handle and there it is Rohn 
fold-over towers offer unbeat¬ 
able safety These towers let 
you work completely on the 
ground for antenna and rotator 
installation and servicing This 
eliminates the hazard of climb¬ 
ing the tower and trying to 
work at heights that could 
mean serious injury in a fait. 
So use the tower that reduces 
the risks of physical danger 
to an absolute minimum...the 
Rohn "fold-over"! 

Like other Rohn big communi¬ 
cation towers, they re hot dip 
galvanized after fabrication to 
provide a maintenance free, 
long lived and attractive instal¬ 
lation Rohn towers are known 
and used throughout the world 
for almost a quarter cen¬ 
tury . tn most every type of 
operation You I! be in good 
company, Why not check with 
your distributor today 7 


) Do not nt tempi to raise antenna or 
Antenna support near power lines- 
You can be KILLED. 



Unarco-Rohn 

JI . . >n ,,! I ll ft .1 In 1 . in* - (fit 
1" O 8 * iiKl k. ,t , t Hi nr . f ' + ■ it 
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visual aids 


for working on 
microcircuits 

Devices are getting 
smaller and smaller — 
consider these visual aids 

before you give up 
on a construction project 

with today’s ICs 

With the introduction of transistors and miniatur¬ 
ized circuits most everyone dealing with them has 
probably experienced difficulty seeing components 
and circuits because of their small size. Today, with 
integrated-circuit devices requiring even smaller 
printed-circuit-board design, the visual or seeing re¬ 
quirement is even greater. 

the problem 

When you consider the visual anomalies found in 
the general population such as nearsightedness, 
farsightedness, astigmatism, or combinations of 
these, and when you include problems of binocular- 


Reprinted with permission from the May-June, 1977, issue of 
R TTY Journal. 


I ity (the ability or inability of the eyes teaming to¬ 
gether, such as one eye receiving a larger image 
than the other), poor eye-muscle coordination, cata¬ 
racts, and any ongoing or past history of ocular dis¬ 
eases, it's no wonder many of our 1C projects end up 
with solder bridges, improper or unsoldered con¬ 
nections, and components mounted improperly. The 
fact is that many simply can't see well enough to 
avoid these pitfalls. 

I recently completed a project that used 29 ICs, 
three of which were LSI devices, all mounted on four 
PC boards, three of which had circuit paths on both 
sides. Even though I have 20-20 vision at distance 
and near, and have never had any pathological prob¬ 
lem causing visual impairment, I experienced great 
difficulty seeing my work. I therefore came to the 
conslusion that if I were having these kinds of prob¬ 
lems with what's generally considered normal vision, 
there must be many electronic hobbyists who are 
having even greater problems. With this in mind, I 
offer the following observations to help in under¬ 
standing these visual tasks and to allow most to see 
with better efficiency. 

lighting and magnification 

First, realize that vision requires light. But it has to 
be useful light; that is, not too dim (below the visual 
threshold) or too bright (above the threshold and 
therefore saturating the visual system, especially the 
retina). Second, visual acuity (how well you see) 
depends on the image size impinged onto the retina. 
Visual acuity is directly related to object size. The 
conclusion is that, if you have the proper lighting 

By Dr. Robert Sullivan, Optometrist, K9SRL, 

410 NE 7th Street, Linton, Indiana 47441 
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conditions and magnification, visual acuity generally 
improves. However, there are limiting factors. For 
example, as the image size on the retina gets larger, 
the field of view gets smaller, 

optical aids 

If you're nearsighted (can't see well at a distance 
without glasses or contact lenses}, you might do bet¬ 
ter visually, at the near distances used in electronic 
construction, without your glasses or contacts. 
Since a nearsighted eye without correction in place is 
in effect too strong, removing the spectacles has the 
same effect as looking through a magnifying lens. 
You'll notice that near objects (within about 20 cm [8 
inches! of your eyes depending upon your prescrip¬ 
tion) look larger. However, this might not work if you 
have astigmatism, as your vision could be distorted. 

If you Ye farsighted (can't see nearby objects well 
without glasses or contacts}, you should wear your 
correction at all times for near electronic work. Since 
a farsighted eye is a weak eye without correction, 
wearing glasses or contact lenses, in effect, makes 
your eyes stronger. Also, far sightedness involves a 
problem with the eye's focusing mechanism and 
without correction, eye fatigue and headaches are 
more common. 

If you normally wear glasses full time, and if 
they're the bifocal or trifocal type, you should wear 
them for near electronic work. 

work glasses 

You might consider having a special pair of glasses 
made especially for electronic work. I made a pair 
with one lens having a + 16 diopter power and the 
other lens opaque, which forces me to use one eye 
only, since such a large prescription for both eyes 
creates a condition that makes binocularity impos¬ 
sible, This is a common problem with some of the 
available optical aids recommended for near visual 
tasks. These devices are usually binocular in nature 
(both eyes are used). To maintain this binocularity, 
weaker lenses are used and the resulting magnifica¬ 
tion is less. 

I put the + 16 lens on my right eye since I'm right- 
eye dominant. With these glasses, approximately 
4X magnification is achieved and the field of view is 
about 7 cm (3 inches). The focal point is 6.25 cm (2.5 
inches), so I must hold things close, I found that with 
these glasses and a handheld penlight (I use the pop¬ 
ular disposable type), I could examine PC boards for 
errors in component mounting, find solder bridges, 
and perform general inspection with great ease. Just 
one thing more: these suggestions should be imple¬ 
mented after you've checked with your eye doctor, 

ham radio 
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*ULAR DEMAND — we are confrnumg to offer 
with any purchase of $99 or more from ad or 
flyer, a Fairchild clock module FCS 8100A 
'{suggested retail price $20). 
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HAL-300A 7 DIGIT COUNTER 
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PRE-SCALER KITS 
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Drawe OFFcrs 
7-uNe accessories 
For maximum perFormaNce 

of Your TT-7 sranon 


DRAKE WH-7 
Directional Rf 
Wattmeter 



* Remote coupler 

* New 0-20 watt scale for low power enthusiasts 
in addition to 200-2000 watt scales 

* New direct-reading VSWR scale 

The Drake WH-7 is designed for user convenience and high 
accuracy This instrument includes three calibrated scales for 
rf power to satisfy applications from ORP to high power {0-20 
0-200 and 0-2000 watts full scale), A fourth calibrated scale 
provides direct reading VSWR information, and is switch 
selected from front panel This wattmeter makes possible 
quick, accurate adjustments of antenna resonance and impe¬ 
dance match, when placed between transmitter and matching 
network. The WH*7 is styled to match the 7-line. 

WH-7 SPECIFICATIONS 

* Frequency Coverage*— 1 8-54 MHz • Line Impedance— 50 

ohm resistive * Power Capability— 2000 watts continuous 

* Jacks, Removable Coupler — Two S0239 input and output 
connectors• Semiconductors — Two 1N295 power meter rec¬ 
tifiers * Accuracy — + (5% of reading + 1% of scale) * VSWR 
Insertion — Insertion of wattmeter in line changes VSWR no 
more than 1.05:1 * Dimensions— 4 6 H x 6 9 W x 7 5"D (1 1 6 x 
17 5 x 19 cm) • Shipping Weight — 3 lbs. (1 4 kg) $89,00 



Antenna 

Matching Network- 

• 160-1Q meters, 250 watts continuous rf output 

• Unique “low-pass filter' design of MN-7 provides 
significant harmonic reduction to help fight TVf 

• Built-in rf antenna switch allows unit to be by¬ 
passed regardless of antenna in use. No need to 
disconnect feedlines. Switch also permits front 
panel selection of various antennas, 

• Built-in Ff wattmeter/VSWR bridge 

MN-7 SPECIFICATIONS 

• Frequency Coverage — All amateur bands 160-10 meters 
with generous out-of-band coverage for future expansions 

• Power Capability — 250 watts continuous • input Impe¬ 
dance— 50 ohms (resistive) • Load Impedance — 50 ohm 
coax with VSWR of 5:1 or less (3:1 on 10 meters)— 75 ohm 
coax at lower VSWR can be used —Long wire at low impe¬ 
dance; high impedance may be matched with optional Drake 
B-10QQ Baiun (switch selected)—Balanced feeders with op¬ 
tional Drake B-K3GQ Baiun may be accommodated (switch 
selected) —MN-7 may be switch by-passed regardless of feed- 
line in use * Meier —Reads rf watts or VSWR (switch 
selected)“-High accuracy * Dimension— 4 6 H x 13 6 W x 
8 5 D (11 6x34.6 x 21 6 cm) • Shipping Wt.— 10 lbs, (4 55 kg) 

$165.00 

(optional B-WOO Qatun) .......,,... 24 95 


To receive a FREE Drake Full Lme Catalog please send name and date of this publication to 


R. L. DRAKE COMPANY 



540 Richard St, Miamisburg, Ohio 45342 
Phone: (513) 866-2421 * Telex: 288 017 


Western Sales and Service Center, 2020 Western SlreeL Las Vegas, Nevada 89102 * 702 382-9470 
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solving RFI problems 

in home-entertainment devices 


How to dispose 
of RFI problems 
quickly and easily — 

ideas from an 
overseas amateur 
that will work 
in your station 


Radio-frequency interference (RFI) from amateur 
transmitters to television, broadcast, and hi-fi sets is 
still a problem. Most such cases of RFI can be attrib¬ 
uted to fundamental overload of the home-entertain¬ 
ment device from the transmitter, especially if the 
transmitter is running high power (500 watts or 
more). 

The remedies are well known for this type of RFI, 
but Td like to summarize some of the cures: 

1. Install a filter in the ac line to the device. 

2. Install a 0.01-/xF capacitor across the speaker 
terminals. 

3. Install an rf choke in the speaker leads. Such a 
choke can be made by winding the speaker leads 
onto a ferrite rod. 

4. Make sure the home-entertainment device has 
a good rf ground. 

5. Use shielded cable for the speaker leads, and 
ground the shield. 

6 . Install a good-quality 0.01 -/aF capacitor be¬ 
tween the device chassis and ground. 

7. Ground the device's antenna coaxial-cable 
shield. 

8. Wind 10-15 turns of the device's antenna coax 
cable onto a ferrite rod. This will form an effective 
rf choke. 

9. Install a good highpass filter directly at the 
device's antenna terminals. Make sure the filter is 
shielded, and ground the shield. 


By John DeVoldere, ON4UN, 215 Poelstraat, 
B-9220 Merelbeke, OV Belgium 
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fn all cases of reported RFI, I've eliminated the 
problem by one or more of the methods mentioned 
above without having to make any changes inside 
the home-entertainment device. 

There's nothing original here so far, but I offer 

i 

some other hints that you may find useful in your 
own RFI problem* 

I always keep a selection of filters available for any 
RFI complaint. The set of filters includes a good-qual¬ 
ity ac filter for the power line, a highpass filter for 
twin lead or coax-cable, ferrite-rod filters for speak¬ 
ers, an rf choke for coax cable, and some wires and 
clip leads for grounding purposes in tests, 

responding to RFI complaints 

Almost all interference complaints II receive are by 
telephone, Here's what I do. I ask the complainant to 
leave the phone off the hook and tell him I'll be right 
over to check the problem. Then I switch on my 
phone patch, turn down the receiver gain control so 
the receiver won't trip the VOX in my transmitter, 
and adjust my transmitter for VOX operation through 
the telephone. Then I grab my assortment of filters, 
hop into my car, and ring the complainant's door bell 
within minutes after his telephone cad. 

Now here's where you need some diplomacy. 
Don't be aggressive, but explain that you're genuine¬ 
ly interested in resolving the RFI problem as a mutual 
endeavor. Tell the complainant you re there to inves¬ 
tigate the problem and want to use his telephone to 
put your transmitter on the air. He may raise an eye- 



Ferrite or powdered-iron toroid can also be used to form in¬ 
line rf chokes with loudspeaker leads. 

TVI suggestions 

In cases of TVI complaints, proceed as follows; 

1. Disconnect the device's antenna feedline, If TVI 
continues. Install a filter in the device's ac line. If this 
doesn't help, you're probably in big trouble, because 
you have a case of direct pickup by the device. 

2, If disconnecting the antenna feedline stops the 
TVI, try the following: 

A. Install a highpass filter 

B. Install a coaxial-cable rf choke (10-15 turns on 
a ferrite rod). 

C. Ground the antenna coax-cable shield at the 
TV-set chassis (through a O.OI ^F capacitor if 
necessary) to a good rf ground. 


Loudspeaker lead can be 
wound into an rf choke by 
winding the lead around a 
ferrite antenna rod. 



brow at this remark, but pick up his phone and put 
your transmitter on the air. Talking into the com¬ 
plainant's phone will trip your VOX, which makes it 
possible for you to make the diagnosis of the RFI 
problem, if any. No help from the outside, and you 
can do it right away. 


suggestions for hi-fi RFI cures 

If you have to deal with a complete hi-fi system in¬ 
cluding tuner, amplifier, turntable, and recorder- 
deck, there's only one logical approach that can 
be used. 
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Disconnect all units from each other and from the 
ac line — except for the amplifier (just leave the ac 
cord and speaker leads connected), If interference 
still persists, disconnect the speakers and try the unit 
on headphones. If the interference disappears, the 

w 

problem probably lies in pickup through the speaker 
cables (the RFI is being fed to the preamplifier stages 
through the audio feedback circuit). 

Install The ferrite-rod filters in the speaker leads 
(10-15 turns). If necessary, connect 0.01 -jiF capaci¬ 
tors across the speaker terminals to ground. In very 
stubborn cases you may have to go all the way and 
use shielded speaker cable and ground the cable 
shield to a good rf ground. 



In some cases interference can be reduced by winding ex 
ternal audio input leads on toroidal cores. 


If disconnecting the speaker cables doesn't kill the 
RFI, the pickup must be coming through the ac line, 
so you must install a good filter between the set ac 
input and the house wiring. Again, a good rf ground 
may have to be connected to the ac filter. 

If the hi-fi amplifier plus the speakers (by them¬ 
selves) don't show any interference, connect all 
other pieces of equipment, one-by-one, to determine 
where the RF! is appearing. If connecting the tuner 
brings up the RFI r try highpass (or coax rl-choke) fil¬ 
ters on the antenna fead; then try an ac line filter. A 
similar approach can be used when connecting other 
pieces of equipment, such as tape decks. 

summary 

Using your phone patch to solve the RFI complaint 
quickly and independently] using a logical approach 
when checking the complainant's set; having a ready 
assortment of anti-RFI filters available at all times - 
alt these will go a long way toward maintaining a 
good relationship with your neighbors. This ap¬ 
proach will also ensure keeping your amateur station 
on the air at all times. 

ham radio 




In the pasl when your VAESU oe KENWOOD dealer sad me CW crystar 
filler for your set was apt ton il you had a choice Buy one of his jlandar rf 


units — or oo without 


NO LONGER! 

Now FQX TANGO not only oilers niters similar in bandwidth to those sup 
plied by your set s manufacturer but also thirp eight pole. 25 0 Hz band- 
width litters with superior shape laciurs ai an unbeatable price some 
similar units are being advertised tor £iD0< And even ». they ire not 11 

ihirp. 

BUT THAT’S NOT ALL 

Vaesu £ CW fitiers tor the FT-TGI, Ffl-TQT and FT 301 Senes have a 
bandwidth ol 600 Hz Most hams ieei 600 Hz is loo wide tor today's condi¬ 
tions but that's not the only reason they fmo the going rough when the 
hand is crowded Not only die our fillers 6'pole but they have a superior 
shape factor and 500 Hi bandwidth Wide enough tor tuning ease ye! 
sharp and selective enough !□ cut Through atl but the heaviest QRM And 
for (he Kenwood CW enthusiast FOX TANGO now oilers in addilion to 
the sharp eight pole 250 Hz units for the TS 520 R 599 and Ihe TS 820 
Senes new eight pole 40(T Hi tillers with characteristics superior to those 
ol the regular Kenwood 500 Hz units 

SOME REAL OPTIONS 

But talk about FREEDOM OF CHOICE* inexpensive easily installed diode 
switching boards are now available for alt the above sets which permit the 
addition ol up lo Iwo crystal Idlers in addition to those tor which Hie manu 
faciurer provides space For example if you have no CW litter at present or 
are |ust buying your set (which never comes wilh the (liter factory-<n 
Stalled) you can select either of our superior umls. secure in the Knowl¬ 
edge lhai you can add the other Pater il you wish Or d your ng already has 
a Standard CW lilter installed you can add our sharp unil so that either can 
be switch selected often using existing SfonE panel controls Jusi imagine' 

Nad your rare Dx with the standard type lilter and cut out the curd and 
crowd wuh the flip ol a switch Now Ihat s 0PF RAT tNG 1 

HOW WE DO IT 

Some hams have wondered how we can offer superior Tillers at such a Jow 
price And they are superior nol only on the basis of laboratory lesis Du* 
according to members of Ihe International Fox tango Club who have used 
them in their rigs lor many months The answer to Ihe "low price ques 
non is that these lilters are made tor os in japan by a concern with almost 
a quarter-century ol experience m Ihe design and production ol these 
units among others, tor use m the best-known and most respected 
brands o( Doth amateui and commercial geai in the past their lilters were 
sold exclusively to set manufacturers Now they are being ottered at retail 
tor The first lime — and at introductory prices through our organization 
onfy 

GET YOURS NOW AND 8EAT THE INFLATIONARY SPIRAL! 

Our Flttin in ipld on a Mamy (s*ck Guinn lea Biiti 

FOX-TANGO CORP. 

Box 15944. W. Palm Beach, FL 33406 



OI0DE SWITCHING BOARDS permit easy mounlmg 

iwrltmtn drill mg > ol up lo Iwo- crystal hilar 5 of an* type m addition lo 
those for which Hie nurtulacturei yrovide:. spjiiE iheke hoards will 
jiiromrnadjti* any ^ ,h ? hllers hsled oak** and olhc* types planned 
lor rue future They include one stage or amplification <o compensate 
ioi finer insertion losses, it desired Complex msiMiefions SPECIFY 
Sel wiih winch board if to b* used $15 wrtn purchase or any inter 
j?o wiihour finer Airmail Ppd US 4 Carutid Ovehms add S i 


■r 
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IjilMJV^iOT- 
SdB ;v.j*v*i 

tv> 
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UK _ 


TVPTT 


r.’i’-r r, lum ns J inj i>rjm ni'H i. 
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Ffrl H HU 

FT Mr 
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IP I1HW 

rrWMWtt 

CW m PI Mt »i hiWOOli 

h> H&inn 

1 S*?P 

T l 13X940 


Ti liH*» 

tf iwiYs*oa 


ALL TYPES 

Only $50 

AumaiiFpd us 
4 Canasa Overseas 
J0U $3 

Circle type 
desired 


l enclose! - -_. □ Check JJ Money Order U Cash 

(Make check s payable to f T C) 


i pre'er td Charge my 
1 VISA □ Master Charge 
Account Nb__ 

Expiration date _ ._ 
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Name _ 

Address 

City__ 

State _ __ Zip 
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RANDOM WIRE ANTENNA TUNER 


All ImjlUc ! operation (160-10 meters) with 
any random length (if wire. <100 wad 
output power capability'—will work with 
virtually any transceiver. Ideal for port¬ 
able or home operation. Circa! for apart¬ 
ments and hotel rooma—alinply run a 
wire inside* out a wind™, or anyplace 
available. Efficient ioroid Inductor for 
small size: 4-1 /4" x 2-3/8” x 3", and negli¬ 
gible loss.I 111 i 11 -In neon tune-up Indicator. 
SO-239 connector. Attractive bronze 
finished enclosure. 

only $29.95 


THf ORIGINAL Random Wire Antenna 
Tuner in use by amateurs for b years 


SST T-2 ULTRA TUNER 

Tunes (ml SWK on any coax fed antenna as well us random 
wires. Works great on all hands (60-10 meters) with any 
transceiver running up to 200 waits power output. 

Increases usable luindwidih of any antenna. Tunes out SWK on 
mobile whips from inside your car. 

1 ses efficient ioroid inductor and specially made ca| hic llors 
for small size: 5-1/4” x 2-1/4* x 2-1/2” Rugged yet compact. 
Negligible line loss. Attractive bronze finished endosurr. 
SC >-2519 coax connectors arc used for transmitter injmt and 
coax fed antennas. Convenient binding jMisLsarc provider! for 
random wire and ground connections. 


*u*mtn* i w 

! t U 




* & 

R: V /S* - 


only $39.95 


$19.95 


SST T-3 

Mobile l tipedance Transformer 

Matches 52 ohm coax to tile lower Impedance of a mobile 
whip or vertical. 12-position switch with tu|js spread 
between 3 and 52 ohms. Broadband from 1-30 Mliz. Will 
work with virtually any transceiver—300 watt output 
power capability. SO-239 connectors. Tondd inductor for 
small size: 2-3/4” x 2” x 2-1/4*. Attractive bronze finish. 


GUARANTEE 


VfSA | 


All SST products are guaranteed for 1 year. In addition* 
they may V>e returned wiihln 10 days fora full refund (less 
shipping) if you are not satisfied for any reason. Heasc 
u(ki 32 for shliiping ami handling, Calif. residents, please 
add sales tax. COO orders OK by phone. 


- 1 t' V ^ln 

_ T <g T ! r 

v t 13 —t™t V 1 [ 

I -t r. f 

only $29.95 

349,95 wire and tested 


*■! 


SST A-l VHF Amplifier Kit 

1 w att Input gives you 15 watts output across the entire 

2 meter Imnd without redlining. This easy-to-hulld kit 
(approx. 1/2 hr. assembly) Includes everything you need 
for h complete amplifier. All tup quality comjxmcnts. 
ComiMtlble with id 1 1-3 watt 2-metcr transceivers. Shon 
and open protected—not damaged by high SWK. 

Kit Includes: 

• Etched and drilled G*10 epoxy solder plated Tjounf 

• Heat sink and mounting hardware. Alt componenis— 
Including pre-wound coils. 

• Top quality TRW RE power t ransistor. 

• Complete assembly instruct ion with details on u 
carrier operated T/R switch. 


ELECTRONICS 

P.O.BOX 1 LAWNDALE. CALIF. 

9D2GQ 0131 G7G-5BB7 






























Super Terminals with 


Hidden 



CW 

detect 



Features 


Helps Improve copy 
of noisy RTTY signals 


On Transmit 



OFF 

SYNCH 

IDLE 



On Receive 

T 

ON 


OFF 

UN0HIFT 

ON 


SPACE 


Keyboard 3 Standard 
Transmit Operating 

Wades Modes 


T 


T 



CONY BAUDOT 

i--rvtoae — 


ON 



OFF 

PQWIF 


O 



Load ID Message |Shitt-CTRL-P, 


Clear Morse |CTRL-R1 


Activate ID 
Message 


BAUDOT 

Blank 


Correct Errors 


Select 
Hidden 
Features 
with CTRL 
* Shift 


CTRL 


SHIFT 


SHIFT 


‘ Quick Brown Fox 
Test Message 
IShift-CTRL-Ol 


Cursor 
Positioning 
for Editing 


Speed Change Bell 
(CTRL-Vi ICTRL-GI 


Special Baudot 
Characters 


- Page Mode Controls — 
Start of Teal = CTRL-8 
End of Text = CTRL-W 
Transmit Text * CTRL-C 


For super o[*erator convenience, 

Our keyboard works in MORSE. BAUDOT, and ASCII codes and controls the terminal too 
You can edit a message, program the HERE IS message, send the "QUICK BROWN 
FOX ... " test message, change speeds, and change the terminal modes, all from y 

lhe keyboard itself. In fact t the KOS (Keyboard Operated Switch I feature even l urns ^ 

the transmitter on and off from I he keyboard. The DS-30O0 KSR also features full length 
72 character lines (16 lines per screen), 5 speeds of BAUDOT and ASCII RTTYand Morse 
code from 1 to 175 wpm (Version 3), and word wrap around to prevent splitting of words at the 
end of a line. When combined with the HAL ST 6000 Demodulator, you have the 


ULTIMATE in RTTY equipment 


DS 3000 K5H Version 3 (MORSE, BAUDOT, ASCII) 
DS 3000 KSR Version 2 (BAUDOT & ASCII only) 


i * m I ■ * 


$1575,00 

$1195,00 


Write for our latest catalog & RTTY guide. 



HAL COMMUNICATIONS CORR 

Box 365 

Urbana, Illinois 61801 
217 3677373 


For our Overseas customers: 
see HAl. equipment at: 

Richter & Co,; Hannover 
EE C Interreko; Rissone 
Vicom Imports; Auburn, Vic., Australia 
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600 kHz offset 
for frequency 
synthesizers 

The circuit shown in fig. 1 is de¬ 
signed for use with any frequency 
synthesizer which uses a program¬ 
mable divider with outputs available 
from each flip-flop. The schematic 
shows its implementation in the 
GLB 400B synthesizer; only two ICs 
are needed to accomplish the func¬ 
tion. The output of the divider at the 


end of a count sequence pulses the 
phase comparator U1, and reloads 
the counters U7, U8, and U9 to the 
number determined by the frequency 
set switches. (All of this circuitry is 
not shown in the partial schematic of 
the GLB 400B.) When enabled, the 
offset circuit gates off this pulse until 
the 100 kHz counter U8 reaches a 
count of 6 which corresponds to 600 
kHz. At this time, a pulse is gated 
through to U1 and the counter load 
circuits. Other numbers could be de¬ 


coded from U7, U8, and U9 by using 
a similar gating arrangement for any 
desired offset, for application in syn¬ 
thesizers for 220 MHz and 450 MHz. 

In addition to its simplicity, one ad¬ 
vantage of this circuit is that it will 
only offset the synthesizer - 600 
kHz, and accidental operation above 
148 MHz is not possible. When op¬ 
erating, always select the higher fre¬ 
quency of a repeater pair on the fre¬ 
quency set switches. In the 146-147 
MHz segment offset Tx to transmit 
on the repeaters input; in the 147-148 
MHz segment select offset Rx to re¬ 
ceive the repeater output. To operate 
reverse simply flip the switch the 
other way. With the center-off pos¬ 
ition of the switch, transmit and re¬ 
ceive will be on the selected fre¬ 
quency. The offset function is dis¬ 
abled in this position. The LED indica¬ 
tor will only light while offset is 
actually taking place, so it will go on 
and off between receive and trans¬ 
mit, always indicating the operating 
condition. 

Only two ICs are required for the 
actual offset circuit, and U7 must be 
changed to an 8281, which is simply 
a plug-in substitution. Also, remove 
the Ik, 1.5k resistors, and the 150 pF 
capacitor from pins 1 and 2 of U10 
(R24, R25, C19). They are no longer 
required because the added circuitry 
always presents the proper TTL sig¬ 
nal level to this gate. Be sure to put a 
jumper in place of C19. 

Dave Sargent, K6KLO 


r 


REMOVE CI9,AO0 JUMPER 
REMOVE R24 B R25 


Ul 


1 

UIO 

4044 



7400 


■ 

ADD JUMPER 


* 
£ H 

2 | 





lOOKHz 


10 KHz 



B 


ITU 


TUT 



U7 

mBHH 

U8 

8 !Z 

U9 



8281 


8280 


8280 



-REPLACE U7 
WITH 8281 


<*- flip -Flop bits partial schematic 

~ 4 AND 2*6 OF GLB 40OB 

mm* mm mm mm mm 

-600 KHz 

3 OFFSET LOGIC 



TO E24 
COLLECTOR 
OF 012 


PIN >4 * + 5V 
PIN 7*GND 


fig. 1. Simple circuit for generating 600 kHz offset with a fre¬ 
quency synthesizer that uses a programmable divider; only two 
ICs are required. The circuit here shows how the circuit is used 
with the GLB 400B synthesizer. 
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illumination for 
lever action switch 

Having problems reading thumb¬ 
wheel or lever action switches in the 
dark? The new Heath HW2036 is a 
perfect example of a fine synthesized 
receiver at a price anyone can afford. 
One of its shortcomings is the lack of 
illumination on the lever action 
switches. Material used to make the 
light bar in fig. 2 came from the junk 
box of my model railroad. However, 
the brass and lamps can be obtained 
at any hobby shop for less than 
$ 2 . 00 . 


approximately 2 mm (1/16 inch) or 
so. Bend brackets, drill holes for 
mounting screws and for the lamp 
wires in sleeving to pass through the 
right hand bracket; file smooth and 
paint. 

The brackets should hold the tube 
high enough above the top of the 
switch to clear the upper most posi¬ 
tion of the lever switch. One screw is 
sufficient to mount, and uhe wires in 
sleeving are passed through the hole 
in the panel and connected to ground 
and the meter lamp wire. Use grain or 
wheat lamps and carefully insulate 
the wires at the base with five-minute 



BEND 
FM 032 
SHEET 
BRASS 




REO MODEL RAILROAD 1 6V 
CRAIN-O- WHEAT LAMPS 



fig. 2. Adding illumination so you can see the HW2036 thumbwheel 
switches in the dark. Brass stock is available in most hobby shops. 


Use a 3/16-inch (4mm) diameter 
brass tube cut to the width of the 
switch assembly so that the brackets, 
when soldered to the tube, will fit 
snugly against the side of the switch 
bezel and mount under the existing 
screw. Cut two slots for the lamps, 
large enough for the lamps to pass 
through after soldering and painting. 
Rough trim the brackets, then solder 
so that the slots aim down and the 
tube is spaced away from the panel 
the thickness of the protruding bezel, 


epoxy. I used red lamps to cut the 
reflected glare from the switch . 

Another modification for the 
HW2036 which improves the opera¬ 
tion is to change the back panel and 
replace the RCA phone jack with an 
S0239 connector. Enlarge the hole in 
the printed-circuit board to take the 
stub of the S0239 and replace the 
remote speaker RCA phone connect¬ 
or with a miniature phone jack. 

FredW. Snow, W2IFR 


re-forming the oxide 
layer in electrolytic 
capacitors 

Electrolytic capacitors, including 
computer grades, which have not 
been used for any length of time 
should not be subjected to full volt¬ 
age without first re-forming the inter¬ 
nal oxide layer. If this is not done, 
they may have high leakage which 
will result in rapid failure due to inter¬ 
nal heating. 

The oxide layer may be re-formed 
in the following manner: Connect the 
capacitor to a power supply set to the 
dc voltage rating of the capacitor 
with a series resistor to limit the short 
circuit current to around 10 mA. For 
example, for a 200-volt capacitor, the 
power supply would be set to 200 
volts and the series resistor would be 
20,000 ohms. If several capacitors are 
being re-formed simultaneously, they 
should not be directly paralleled. 
Instead, each capacitor should have 
its own current limiting resistor. This 
allows each capacitor to charge inde¬ 
pendently, at a rate dependent on its 
internal leakage. It also allows the 
voltage on each capacitor to be 
measured separately as an indication 
of its condition. It has been my exper¬ 
ience when re-forming large numbers 
of surplus computer grade electroly- 
tics in this manner that most of them 
will charge to close to full voltage in 
just a few minutes. A few will stabil¬ 
ize at a considerably lower voltage, 
indicating that they have a high leak¬ 
age and really need the re-forming 
procedure. 

I have not yet enountered a capaci¬ 
tor that would not charge to the same 
level as the others if left connected 
long enough, although this has taken 
as much as several days. When this 
finally happens, it means that the ox¬ 
ide layer is totally re-formed, and the 
leakage has dropped to a normal 
level. 

John Becker, K9MM 
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WITH A 

TELREX "BALUN" FED—"INVERTED-VEE" KIT 
THE IDEAL HI-PERFORMANCE 


Featuring the Competition Grade HF Transceiver 


THE NEW YAESU FT-901 


CALL OR WRITE 
FOR INFORMATION 
ON PRICE 
AND OPTIONS 


OTHER YAESU MODELS ALSO AVAILABLE. 

Summer Specials: 


CUSHCRAFT A18-34 
CDE HAM II 

CDE T2X 

WILSON SY1 


(PREPAID SHIPMENT TO AREAS SERVED BY UPS BROWN LABEL) 

Reg. Sole 

A1B-34 TRI BAND BEAMw/ BALUN 239.95 T 99.95 

HAM III- ROTATOR 129.95 

T2X ROTATOR 249.95 

SY1 TRI-BAND BEAM 274.95 2 39.95 


129.95 

249.95 
274.95 239.95 


ABOVE SPECIALS EXPIRE JULY 31. 1978 AND ARE SUBJECT TO STOCK ON HAND 

MASTER CHARGE & VISA ACCEPTED SAME DAY SHIPMENT ON MOST ITEMS 

STORE HOURS: MON. thru SAT. 9:30 a.m. to 6:00 p.m. 


c* 
cornn 


6115 -15 th N.W. 
SEATTLE, WA. 98107 
(206) 7SA-7337 


FACTORY AUTHORIZED 
DEALERS FOR: 

AEA 

ATLAS 

B&W 

BELDEN 

BENCHER 

CDE 

CUSHCRAFT 

DENTRON 

DRAKE 

FLUKE 

HUSTLER 

HY GAIN 

ICOM 

KLM 

LARSEN 

LUNAR 

MFJ 

NPC 

NYE 

ROHN 

RF POWER LABS 
TEMPO 
TEN TEC 
WILSON 

YAESU - AND MORE- 


IIMtJCrfcNalVfc Altu I i u • 

MONO OR MULTIPLE BAND, 52 OHM ANTENNA SYSTEM 


Tefre* ^'Monarch" (Trapped) I.V- Kit 
Duo-Band / 4 KWP I.V- Kit *63,50 
Post Paid Continental US- 


Qpiimum. full size doublet performance, independent of groundconditions! “Balanced- 
Pattern". low radiation angle, high signal to noise, and signal to performance raiTu' 
Minimal support costs, (existing tower, boose. treeL A technician can resonate a 
Teirex *'Inverted-Vee'* to frequency within the hourT Minimal S/W/R is possible if 
installed and resonated it> frequency as directed’ Pattern primarily low-angle. Omni¬ 
directional. approx 6 DB null at ends! Costly, lossy, antenna tuners not required' 
Complete simplified installation and resonating lo frequency instructions supplied with 
each kri. 

f omiMWUHOn J ■ 

For technical data and prices on complete J |<|t . . fr 

Telrex line, write for Catalog PL 7 (HRH) W iw f gf f 


Oak Hill Academy 
Amateur Radio Session 

lilth Vear — July 2fJ thru August II 7 IU7S 

We have moved nur Inr.itiou just 15 miles 
fri'MY ia11 t previous site i» I hr" Oiik Hill Acuib 
prnv. Mtmlh of Wilson* ViiRmiu. 

Our mniiiiii;iid,ytii>n> mv nmc tin 1 liiif’.t ij iiv 
!.-■ mi Id hope lor, Miites in -i be^utifttl Durni 
with luith for e.it-h four sludfiils, Lovrty MY'" 
cirttis Libby ami fittr recrewlmii worn in the 
Inwrr level Lrl the Umn 

OnL Hill Academ} m the Appalachian Miiuii- 
t.ntK uf Vir^inm olh-rs .in intvmivr tWn uwk 
H.uini Session m ecuJe and theory starting -<t 
vmn level. 

tlapert instructor*, .. whtmi have been 

itn the stuff for the puM IK yew* iirc 1 tin- 
Millie Onlv the loc.ituni lius Iwri t'hungeu 
Mine .LuMni.ctum wilh fellnw umutrur* ulli'r* 
,cn tnr Saturation Learning lh.*l 

hnv been vt 1 it' successful mm < its erimT|)liim 
Novice* i l]> r!f■ lc1 1 1 In (iriirlill, I echs tii («enL’tliI 
& Adv,meed, and Advanced heixiine Extras, 

privilcgr** canoeing on tin Nt-w Iliver & 
mtny Other recreation activities are nltered. 
Muk*‘ vonr vnraliuu ii “Vacation with it Pur- 
" and upgrade your license l( a beautiful 
m the 4 -miI mmirihurn id Virtmn 
Formerly C Unde Vrtflcy Schtntl Radio 

C, L. PFTFRS, K4DNJ. Director 

Oak Hill Academy Amateui Radio Session 

Mouth of Wilson, Virginia 24363 


Name 
! Address 

t 

I Cjty/StJite/Zip 


C*1I_ 
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- DSI INSTRUMENTS INC. - 

Be the one who’s on FREQUENCY!! 



With your DSI Counter. - .save the shop cost of tweaking xtals. . . 
know your frequency, , .from 160 meters through 450 MHz. Now DSt 
offers the most counter tor your dollar. Latest state-of-the-art 
technology.. ,DSt advanced LSI design tar exceeds outdated TTL. 
Go with the leader . . .buy a DSt FREQUENCY counter and SAVE 
TIME A MONEY!! 



MODEL 3500 $149.95 MODEL 3600A $199.95 

Includes TCXO ± 1 PPM Includes oven timebase ± .5 PPM 


- MADE IN USA —Factory assembled—2 Hr Burn m Teat & CdllbraLion * MADE IN USA — Faclory Assembled —8 Hr Burn in Teat a Calibration 

* Buill m&OOMHj Prescal^r with RF Preamp — N01 an etfdoin * Buili m 60 QMHz Prase a ter & RF Preamp—Not and addon 

* 7 Large Bright— Vi inch LED Readouts * B Large Bright— Vi inch LEO Readouts 

- Re&oluhon — tOHz Non-Hreaceled IQDHje Preacal^d, I sec Gale * Two Selectable Gate Titnes- 1 sec. & 1 sac UXIHz 10 600MHj 

* ACCURACY ± 1 PPM i one count ± i PPM par si* months tromES'F tOBS'F * Accuracy i 5 PPM ± ana couni * l PPM per six months from 50‘ f |o 1Q0*F 

* SENSITIVITY— 50 Mvflmi 150 to 250MHz lOOMv 45QMHI * StncfIJrilr— JOMyRms 150 k>25GMHi 60Mv $ 45QMH; 

* Gale Time Light — Automatic Decimal Poinl Placemen! * Geletime A Oven Light —Automatic Decimal Point Placemen! 

* Automatic Leading Zero Blank mg When No Inpul Signal «s Praseni ♦ Automate Leading Zero Blanking —When mo In pul Signal is present 

* No RF Connection Required with Supplied Antenna * No Direct RF Connection Required— WUh Supplied Antenna 

- 5Q739 Conneclors Supplied lof Direct Probe Inpul * S0Z3V Hii input 5QHi to 7SMHZ—SOZ3® Low Z >0MHi lo 600MHz 

* AC Or DC Operation- 715 VAC 50/60 Hz & 5V lo 13,5 VDC 300mp * AC or DC Operation T15 VAC 50/60 Hi. 8,5V to T 3.5VDC ® 400ma 

* Comprehensive Owners Manual with Complete Schematics * 5GHi to 600MHz Sin* or Square Wave Input 

* Sufi 2 7/B"H * 8 W x 5" Deep ■ FCC Certifiable** Designed for the Professional Service Technician 

* Resolution 1 Hi Non-Pie sea led 1GHz Pre sealed ® I sec. Gale 

PERFORMANCE YOU CAN COUNT ON 

1. PPM OVER TEMPERATURE RANGE With a spec, of ± 1 PPM over 50°F to 100’F, your worst error 
over temperature would be ± 145Hz, when measuring 145 MHz, This is the most important specifi¬ 
cation for any frequency counter because temperature variation of only a few degrees could have a 
drastic effect on the accuracy of your counter. 

2. PPM LONG TERM With a spec, of ± 1 PPM per six months, your additional error would only be 145Hz 
when measuring 145MHz, six months after calibration. 

3. LAST DIGIT ERROR All counters have an error in the last digit, if the iast digit should read a 5 it could 
be a 4, 5 or 6 + When you have 10 Hi resolution (last digit represents tens of Hz) your additional error 
will be ± 10 Hz. 

4. TOTAL ERROR The overall error of a counter is the sum of the error due to temperature variation, 
last digit error and iong term error, A simple ± 1 PPM spec, with no mention of temperature or ageing 
could conceal a much larger overall inaccuracy, Example; ± 1 PPM at 75*F is ± 145Hz at i45MHz t 
but the same counter might be in error 1 KHz or more at only S5’F. 


VISIT US AT YOUR NEXT H AMVENTlON 
Dallas, TX r June 17-18* Greensboro, NO, July 29 30 


See Your Local Dealer 
or 

Call Toll Free (800) 854-2049 05/ Jnsfrumants tnc. 


Name _ 

Address 


* NO EXTRA COSTS * 


FREE Shipping anywhere in U S A, 


Clty____—Slate Zip Code —.-—» * ONE YEAF 

□ Please send more Information on your lull line of instruments [ Satisfact 

□ Check Enclosed □ C.Q.D. *••*•**■**** 

Please charge my: u Bank Americard □ Visa □ Master Charge □ AE Dennis R 

Card #_____Exp. Date _ __ __ VP Ma 

Signature________ 

California Residents add 6% Slate Sales lav and Call Col led (714) 565-8402 

7914 Ronson Road No. G, San Diego, CA 92111 


Strongest warranty in the counter field. 
ONE YEAR Parts and Labor 
Satisfaction Guaranteed. 


Dennis Romack WA60Y1 
VP Marketing, DSI 















products 


For literature on any of the new 
products, use our Check-Off 
service on page 150. 

MFJ antenna tuners 

MFJ Enterprises has introduced a 
series of three new antenna tuners, 
using efficient, air wound colls, pro¬ 
ducing less loss than a tapped toroid. 

The versatile, top-of-the-line MFJ- 
941 Versa Tuner II features built-in 
swr and dual range wattmeter {300 
and 30 watts full scale), antenna 
switch for selecting two coax-fed an¬ 
tennas, random wire or balanced line, 
and tuner bypass, and a 1:4 balun for 
balanced lines, Jt handles up to 300 
watts of rf power and matches di¬ 
poles, inverted Vees, random wire, 
verticals, mobile whips, beams, bal¬ 
anced lines, and coax lines from 1,8 
through 30 MHz. 



This beautiful little tuner is housed 
in a deluxe, eggshell white Ten Tec 
enclosure with walnut grain sides 
and is a compact 20 x 5 x 15 cm (8 x 
2x6 inches). SQ-239 coax connec¬ 
tors are provided for the transmitter 
input and all coax fed antennas, while 
quality, five-way binding posts are 
used for balanced line, random wire, 
and ground connections. 

The MFJ-941 Versa Tuner II; sells 
for $79,95 and comes complete with 
mobile mounting brackets. 


The MFJ-901 Versa Tuner also 
uses an efficient airwound coil, han¬ 
dles up to 200 watts, and has a built- 
in 1:4 balun for balanced lines. It 
matches all types of transmission 
lines (coax, balanced lines, random 
wire) are virtually all types of anten¬ 
nas from 1.8 through 30 MHz. It is an 
ultra compact 12.7 x 5 x 15 cm (5 x 2 
x 6 inches) and uses SO-239 coax 
connectors and quality, five-way 
binding posts. The MFJ-901 Versa 
Tuner sells for $59.95. 



The MFJ-900 Econo Tuner is the 
same as the MFJ-901 Versa Tuner 
except that it does not have the 
built-in 1:4 balun for balanced lines. 
Price is $49.95, 

The MFJ-941 Versa Tuner II, MFJ- 
901 Versa Tuner, and the MFJ-900 
Econo Tuner are all available from 
MFJ Enterprises, and each has a 30- 
day money back trial period, MFJ 
also provides a one year, uncondi¬ 
tional warranty. 

To order, call toll free 800-647-8660 
or write to MFJ Enterprises, Box 494, 
Mississippi State, Mississippi 39762. 

mobile antenna matcher 

Barker & Williamson offers their 
new model AT-200 antenna matcher 
for matching two-meter amateur 
mobile transceivers to automobile 
a-m/fm broadcast receiver antennas. 
The model AT-200 is intended to pro¬ 
vide the theft-foiling benefits of dis 
guised and "hideaway'' antennas at 
lower cost, and to eliminate the nui¬ 
sance of constantly putting up and 
taking down a second antenna. 

The new unit consists of a tunable 
matching network, an output indica¬ 
tor, and a selector switch, in a com¬ 
pact case, ft is furnished with two 


coaxial cables for connections to the 
entertainment radio and the two- 
meter rig. The connecting cables 
have a Motorola-type connector for 
the entertainment radio and a PL-259 
connector for the two-meter rig. The 
front panel contains a tuning knob, a 
two-position (a-m/fm or two-meter) 
selector switch, and an output indica¬ 
tor light. The unit is supplied with a 
mounting bracket and installation in¬ 
structions and will handle 100 watts 
from the transceiver. 

The model AT 200 antenna match¬ 
er is available through Barker & 
Williamson distributors and dealers 
at an introductory price of $22.50. For 
additional information, call or write 
Barker & Williamson, Inc., 10 Canal 
Street, Bristol, Pennsylvania 19007. 

power/swr meter 

A new power/swr meter, with an 
swr accuracy 100 times better than 
typical meters, is now available from 
Communications Power. The CPI 
Model WM-7000 uses a 30 dB di¬ 
rectional coupler which provides 



accurate swr readings to a ratio of 
1.1:1. Most other swr bridges use 10 
dB directional couplers, accurately 
reading to only 2.0:1, and even some 
of the more expensive meters only 
use 20 dB direction couplers. 

The CPI WM-7000 reads peak or 
average power for accurate ssb 
power measurements, facilitating ad 
justment of microphone and speech 
compressor controls. The big 9 cm 
(3-1/2-inch) meter allows easy read’ 
ing on three scales: 20, 200, and 
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SCR 1000 


Standard of Comparison 

IN VHF FM REPEA TERS! 

2M & NOW 220 MHz! 



Optional Cabinet 1130 00 


Now Available with Autopatch l 

Now Spec Comm has taken the hassle out of putting an auto* 
patch repeater on the air! The SCR1000/SCAP is a fully self-con¬ 
tained 30 watt repeater with built-in autopatch and land line con¬ 
trol. You simply plug in the phone line, hook up the duplexes and 
you’re on the air! The usual months of problems are eliminated! 
The SCR10Q0/SCAP has been meticulously engineered to provide 
the smoothest performing patch together with a positive land line 
control of the repeater. Just look at all these features: 


1000 watts. The unit covers the 1.8 
MHz-30 MHz frequency range (160 
through 10 meters). 

Further information on the CPI 
WM-7G00, and the company's com¬ 
plete line of high technology Ameri¬ 
can-made communications gear, is 
available from Robert Artigo, Com¬ 
munications Power, Inc., 2407 
Charleston Road, Mountain View, 
California 94043, 

lightweight headphones 
from Telex 



To overcome extraneous noise, 
and at the same time provide extra 
comfort and performance, Telex 
Communications, one of the world's 
leading manufacturers of professional 
communications equipment, offers 
the radio amateur three lightweight 
headphone models. Ail three models 
have magnetic transducers with 
rising frequency response, making 
them particularly well suited for 
communications-quality audio use. 

Headphones concentrate the sig¬ 
nal at the ear, overcoming ambient 
noise and room acoustics. Also, they 
allow the operator to work without 
disturbing others, which is not possi¬ 
ble with a conventional speaker. Ad¬ 
ditionally, the operator is able to more 
easily hear and understand weak sig¬ 
nals than when using a speaker. 

The HTC-2 is an over-the-head 
unit. This is Telex's lightest twin re¬ 
ceiver unit, widely favored by pilots, 


Features: 

* Normal patch, or secure "reverse" 
patch 

* 3 digit anii falsing access — single 
digit disconnect 

* 3 digit on-off control of repeater 
transmitter 

* Wide range audio AGC on input 
and output 


* 4 sec. time limit on access 

* Built-in adjustable time-out func* 
tion — patch shuts down in 30-90 
sec, il no carrier is received 

* User can mule phone line audio 
simply by keying his mic button — 
prevents embarrassing language 
from being repeated 

* Patch access and repeater control 
— either over the air or over the 
land line 


The 5GR1000I5CAP is 3 complete Autopatch Repeater fully assembled, sel-up and 
checked ou! in our lab As wilh all Spec Comm products, all workmanship and components 
are of the very highest IN* price? A very reasonable S 1565.00 — complete 1 {$2060.00 

VWWP641 Ouplexer.) (For Rptr., w/o Fl-G Rcvr Preselector, deduct $85.00.) Gel ybur order in 
AS A P 


* The SCR 1000 — the finest repeater available on the amateur market . . . often 
compared to "commercial" units selling tor 3 4 rimes the price! This is a 30WI 
unit, with a very sensitive & selective receiver Included is a bush-in AC Supply, 
CW IDer, full metering and lighted status indicators/control push buttons, 
crystals, local mic, etc. Also, jacks for emergency power, remote control, 
autopatch, etc, 

* Custom options available: Duplexers, Cable, PL\ HI/LO Power, Touch Tone 
Control, Racks, etc. Inquire. 

* The Spec Comm Repeater System ,,, a sound investment. .„ available only by 
direct factory order. SCR 1000 w/FL-6 Rcvr. Preselector $1035.00 {$950.00 w/o 
FL-6.) Commercial price somewhat higher 

* A Full Line of Repeater Boards & Assemblies Are Also Available: 

Inquire. 

Call or write today and get the details! Send for Data Sheets! 

SPECTRUM COMMUNICATIONS 

♦ 1055 W. Germantown PkNorristown PA 19401 (275)631 1710 




More Details? CHECK-OFF Page 142 


july 1978 


103 






* 


oar little boxes 
replace a lot of cable! 


MU«U k| 



. sefecl any of I rve anfennas at the 
turn ok a knob, with just one 
feedline and a control coble la 
the remote switching unit■ 

> sovei coon, simplifies station layout 
* handles 4 kw pep- 

► other models to nine positions* 

» full one year warranty* 

model sw 5 heavy duty — _ ^ 

REMOTE CONTROLLED ANTENNA SWITCH - i 135 ® plus I 3 shipping QQ “ 

* order direct or write For brochure * 



ANTENNA MART 


515 292 ‘7114 


bo* 1 0 VO H i s u. station, a mes, iowo 50010 


THE ALL NEW DRAKE 
TR-7 TRANSCEIVER 

is the talk of the town 



It took Dayton by storm and 
is now sweeping the nation... 

Here’s why,.. Just look at these features: 

Covers 10 - HD meters. p Frequency Counter to HO MH i with digital option 
Broadband, solid-state design Designed 4 minul&ciured m U S A 
Programmable auxiliary coverage. 250-witl input with lull VSWR prelection 
Up-conversion receiver lor superior dynamic range. True passband tuning 
Synthesized PTD CW S SB RTTY AM capability 
Independent receive selectivity Built-In VSWR /wall/5-meter 


Remote VFQ 
Matching Speaker 
Digiiai read out board 


f Zftt 24 D-volt wide-range Fan (tor RTTY) 


power supply 


MATCHING ACCESSORIES: 

AM filler Mobile mount 

RTTY (flier Anienna iuner/waiime<er 

2 CW filters 300Hz. 500 Hi Waitmetef/VSWR badge 

* Fan (tor RTTY) Auk -7 Exp*ided receive 

Noise blanker Capability 


Nnise blanker 


'includes capability tor MARS. Eitit^s^y and Government irequenaes and pas&itHe future Arrtaitui Band 
etpans»on Receiver covet age continuous from I 5 30 MR/, and 0 5 MH; wiih Auk 7 

Come on in and see (or yourself; better stilt... 

ORDER YOURS TODAY - FROM KLAUS RADIO 

Send SASE NOW far detailed info on these systems as well as on many other fine 
tires. Of, better still, visit our store Monday thru Friday from 0:00 a.m. thru 5:00 p.m. 

The Amateurs at Klaus Radio are here to assist you in the selection of the optimum 
unit to fulHiJI your needs. 


KIAUI RADIO 

8400 N. Pioneer Parkway, Peoria, IL 61614 
Jim Plack W9NWE — Phone 309-691-4840 


Inc. 



broadcasters, and hams. The dual 
magnetic receivers rest on the opera¬ 
tor's temples with the sound fed to 
the ears through adjustable, ball- 
and-socket mounted tubular arms. 
This system permits either or both 
sound arms to be turned away for 
conversation without removing the 
entire headphone. 

Two of the Telex units are under- 
the-chtn style: the Model HMC*2 
featherweight offers a magnetic driv¬ 
er-element positioned between the 
adjustable anodized-aluminum tone 
arms for optimum sound reproduc¬ 
tion, The plastic eartips are remov¬ 
able. The Model HFC-91 provides a 
millisecond delay between ears by 
means of a magnetic element that 
channels the signal through the 
acoustic tubes, resulting in greater 
depth and clarity of the signal. The 
comfortable foam ear cushions are 
easily removed for cleaning and re¬ 
placement, For single ear use, the 
driver element snaps onto the Nylon 
earloop. 

For more information and a catalog 
of the Telex line of equipment, con¬ 
tact Otto Janssen at Telex Communi¬ 
cations, 9600 Aldrich Avenue South, 
Minneapolis, Minnesota 56420, 

two-meter transverter 

Hamtronics has announced the 
VX2, a new 2-meter ssb transverter 
which you can use for Oscar mode J 
operation. Of course, it may be used 
for Mode A and simplex activity as 
well. The new model VX2 transverter 
is constructed on a pc board, as 
shown in the photo. The kit is easy to 
build and align, with convenient test 
points at each stage. 

The kit intended for use with IO¬ 
meter ssb exciters, but some have 
been used with recycled 11-meter 
ssb units for inexpensive Oscar op¬ 
eration, Various frequency schemes 
are available to accommodate dif¬ 
ferent types of exciters. The trans¬ 
verter requires only 5 mW of drive to 
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provide 2W PEP output. Many of the 
newer exciters have a low power out- 
put connection, and older ones can 
either be modified or used with an 
attenuator to provide the required 
drive. Perhaps the best feature of this 
new transverter kit is the economical 
price — only $59.59* 

Two linear power amplifiers are 
available for higher power output: A 
model LPA2-15 provides 15 watt 
PEP; and mode! LPA2-70 provides 70 
watt PEP output. A cycolac case is 
also available for the transverter and 
PA as an option. 

For more information write for a 
free catalog on these and other vhf 
and uhf kits, including preamps and | 
converters for Oscar frequencies. 
Hamtromcs, Inc., 182-F Belmont 
Road, Rochester, New York 14612* 

high-power VHF 
mobile antennas 

A line of mobile antennas with high 
power ratings, covering the six and 
two-meter frequency ranges, has 
been introduced by Antenna incorpo¬ 
rated. The six-meter antennas feature 
200-watt loading coils; the two-meter 
antennas are available with either 150 
or 200-watt loading coils. They are 
available with 3/4-inch toggle 
mounts, cowl mounts, and no-hole 
trunk-lip mounts. Also available are 
100-watt models with either the same 
mounts, or with 3/8-inch snap-in, 
spring-clip gutter, and magnet 
mounts. Loading coils are tuned at 
the factory to achieve a standing 
wave ratio of 1,5:1 or less, and each 
antenna includes a cutting chart so 
the whips can be field trimmed to 
exact frequencies. 

Each antenna features a plated 
stainless steel whip for low resistivity 
to combat skin effect, stainless steel 
impact spring, shock-resistant and 
weatherproofed PVC-wrapped load¬ 
ing coil, and 17 feet of coaxial cable 
with a soldered PL-259-type con¬ 
nector. 



1 


747-3343 


All Pftlomftr Engine#!* product! 
rriftcJn In U,SA. Since ^965. 
ot Amileur fltdlo *€|ulpm#ni or 


All Palomar Engineer* product* ire 
mode in U.5.A. Since 1965, menu lecturer* 
of Amateur Radio equipment only, 


Here is an exciting new device to improve your reception on 160, 80, 
the broadcast band* and on VLF. 

It is well known that loops pick up far less noise than most other 
antennas. And they can null out Interference. Now Paiomar Engineers 
brings you these features and more In a compact, carefully engineered, 
attractive desktop package. 

Unlike ordinary direction-finder loops, if fffts to match the incoming 
wave front. The result: Deep nulls up to 70 db. You have to listen to 
beheve it! 

Ooes the Loran on 160 give you a headache? The loop practically 
eliminates it. Broadcast station 2nd harmonic ruining your OX? Turn 
and tilt the loop and it’s gone. Does your friend in the next block with 
h is kilowatt block those weak ones? Use the loop and hear him fade out, 

Loop nulls are very sharp on local and ground wave signals but usually 
are broad or nonexistent on distant skywave signals. This allows local 
interference to be eliminated while DX stations can still be heard from 
all directions, 

The loops are Litz-wire wound on RF ferrite rods. They plug into the 
Loop Amplifier which boosts the loop signal 20 db and isolates and 
preserves the high Q of the loop. The tuning control peaks the loop and 
gives extra preselection to your receiver. 

Plug-in loops are available for these bands: 

150-550 KHz (VLF) 

540-1600 KHz (Broadcast) 

1600-5000 KHz (160 & 80 meters) 


Send for Ire# descriptive brochure. 

Order direct. Loop Amplifier $67.50; Plug-in loop Antennas 147.50 
each [specify frequency band]. Add $2 packing/shipping. Calif* 
residents add sales tax. 
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The 200 watt two-meter antennas 
also feature Antenna Incorporated's 
new high-power coaxial cable. While 
the T5Q watt high-band and 200 watt 
low-band antennas include RG/58-U 
cable, this cable cannot safely handle 
200 watts of power on two meters* 
Antenna Incorporated's high-power 
cable has performance characteristics 
similar to RG-8/U, but in a smaller 
size, thus eliminating the problems of 
using the larger cable in mobile appli¬ 
cations* 

"These antennas also are part of 
Antenna Incorporated's professional 
land mobile line and have been de¬ 
signed to meet the needs of high 
power communications users," sales 
manager Randall Frredberg said* 
"They offer the amateur the best in 
antenna quality and dependability*" 

For further information on the 
company's complete line of com¬ 
munications antennas and acces¬ 
sories, contact Randall J* Friedberg, 
Antenna Incorporated, 23850 Com¬ 
merce Park Road, Cleveland, Ohio 
44122* Phone (216) 464-7075. 

nye viking master key 


The William M* Nye Company 
announces a new addition to their 
NYE VIKING line of products with the 
introduction of the MASTER KEY* 
Called the first major design change 
in telegraph keys in over 50 years, it 
is designed for the expert, yet is per¬ 
fect for the beginner* 

A prime feature of the Master Key 
is a contact assembly that is elec¬ 
trically isolated to keep the keying 
circuit separated from the base, the 
key arm assembly, and ail exterior 
metallic parts. Thus, the shock haz¬ 
ard is greatly reduced. With its heavy 


Thu Nbw Model CTF1-2A Series Counter* are designed and built to the highest standards 
to fulfil) the needs pf commercial communicationi, engineering labs and. serious ejtperl- 
rnentors. With an accuracy of - .00005% (oven option} the CTR-2 A can handle the most 
critical measurements end is about half the cost of other commercial counters. 

Pf you need a reliable counter at an affordable price* the CTF1 2 A is the answer. 


* Built-in Pre-Amp lOmv @ 150 MHz 

* 8 Digit i* h LED Display 

* High Stability TCXO Time Base 

* Built-in VHF-UHF Piescaler 

* Automatic Dp Placement 

* TCXO Std* t 2 ppm 


* Period Measurement (Optional) 

* input Diode Pi o tec ted 

* 12V-DC Operation (Optional) 

* Oven Controlled Ciystal (Optional) 
i .5 ppm 

* Selectible Gate Times .1 & 1 sec. 


1 us to 
1 sec. 


10 mv @ 
150 MHz 


g r TTT 


HITEHOUSE & CO 

10 Newbury Drive* Amhertt* N H 03031 


Send for FREE Catalog 


TRANSMATCH 

PARTS 


LOOK AT THESE PRICES. LOWEST VET: 

154-10 Single section 350 pt. IremmltHng capacitor, 154-507 Dual-section 192 pf. section 
transmitting capacitor, 229-203 Roller Inductor 26 by Multronlcs, 3902-1 Turns Counter 
by Barker & Williamson SEPARATELY PRICED AT $163.60 NOW $129,95 

WE ALSO STOCK THE OTHER TRANSMATCH PARTS 


POPULAR TOROID 
ASSORTMENT 


T© 

!.» 

| 

1 

St 





We Slock a Complete 
Line of Powdered Iron 
and Ferrite Products 


CONVENIENCE AND LOWER COST $15,50 Value lor $9.95 
INCLUDES: 2 pcs* each* T25-2. T25-6* T37*2* T37-6, T37-10* T37-12* T5£M0* TSG-12* 
T6EMQ, TBO-2, TflO S* T94-2. 3 pcs each, T50 2, T50-3. T50-6, 165*2* T66-3. T68-6 

AND CONVENIENT STORAGE BOX AND SPEC SHEETS 

TRANSMATCH BALUN SPECIAL 3 T200-2 cores plus 20' *14 Teflon Covered Wire 

SAVE $3.45 TBS Kit..**.... — *.*.... ..,*******.19.75 

FERRITE BEAD ASSORTMENT 

Includes convenient plastic storage box end one dozen each of FB43-101. FB43-801* 
FB64-101, FBG4-0Q1, F873~1D1 end FB73-801 plus new spec sheets Value $7 50 tor $6.95 

Add $2.00 to each order for shipping and handling Prices subject to change. 


THE PROFESSIONALS” 


MODEL 

CTR-2A 


500 MHz 
& 1 GHz 


500 MHz Kit CTR 2A 500* 

500 MHi Assembled CTR 2A 500A 

1GHz Kit CTR-2A 1 QOOK 

1GHz Assembled CTR 2 A 1 000A 


OPTIONS .... 

021 Oven Crystal $49.95 

03} 43" LED 10,00 

041 12 V-DC 10.00 


05J 10 sfle. Time Base 
06} Period 
07) Handle 


$249 95 
349 96 
399 95 
549 95 


$ 5 00 
1 5.00 
10 00 


PROBES 
Hi-Z 
SI 5.00 

• 

Low Pass 
SI 5.00 


1 MHB WM 3 E — 

0AVIS ELECTRONICS 636 Sheridan Dr.. Tana., N.Y. 14150 716 874 5848 
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die-cast body and non-skid feet, the 
key does not need to be secured to 
the operating desk, nor does it re¬ 
quire a sub-base. As with all NYE VI¬ 
KING keys, the contacts are gold- 
plated silver for sharp, sure sending. 
The base of the Master Key has a 
black wrinkle finish with nickel plated 
exterior hardware. The adjustable 
action key arm is fitted with a Navy- 
style knob. The Master Key comes 
complete with 90 cm (3 feet) of two- 
conductor cord with attached plug. 
The list price is $19.50 

This new product joins the famous 
for-quality NYE VIKING line, which in¬ 
cludes Speed X and Super-Squeeze 
Keys, lambic Keyers, Low-Pass Fil¬ 
ters. Antenna Impedance-Matching 
Networks, and Phone Patches, AH 
are manufactured by Wm. M, Nye 
Company, Inc., 1614 - 130th Avenue 
NE, Bellevue, Washington 9S005, 
and available at dealers nationwide. 
Write for more information. 

new OSCAR book 

What's OSCAR? It's a series of 
communications satellites designed 
and built by amateur radio operators. 
The best thing about them is their 
accessibility — anyone with an in¬ 
expensive receiver and simple anten¬ 
na can hear the tiny satellites as they 
pass overhead, and persons holding 
amateur radio licenses can transmit 
voice and Morse-code signals up to 
them as well. 

OSCAR is an acronym for Orbiting 
Satellite Carrying Amateur Radio, A 
new book published by The American 
Radio Relay League provides every¬ 
thing the interested electronics and 
space buff needs to know to track, 
listen to. and transmit through the 
spacecraft. This new book. Getting 
to Know OSCAR - From the Ground 
Up is a complete guide to the ama¬ 
teur satellites. Its 14 sections include 
an introduction to the exciting world 
of space communications, the equip¬ 
ment needed, a description of the 
brand-new OSCAR (and future ones 
now under construction), and a dis- 


...every tower in 
the world should be 
made this good. 

Once in a while something really big 
comes along like Tri-Ex's all new W-80. So big 
we decided to call It the “Big W” 

It’s the big one of Tri-Ex's “W" Series 
towers. 

Early on was the W-51. A superb per¬ 
former and very popular still. 

Last year came the W-67. Higher, bigger, 
stronger. 

Now the W-80, Tri-Ex's “Big W" tower. 

Excellent Performance 

Provides good DX capability at low 
costs. And If you’re watching the sunspot 
cycle—it’s now on an upswing for better than 
average transmission and reception. 

“Big W" Is a free-standing, crank-up 
tower that goes a full 80-feet up. You can 
lower It with relative ease under windy condi¬ 
tions using “Big W’s” comfortably positive 
pull-down cable to protect your antenna load. 

Inherently Strong 

As with all “W” Series towers, the W-80 is 
made of high strength steel tubing legs with 
solid rod “W” bracing. Stable? You bett 

Hot dipped galvanized alter fabrication. 
Long lasting. Five sections. Included is a tree 
rigid base mount. And the top plate is pre¬ 
drilled for a TB-2 thrust bearing. 

Is Tri-Ex’s “Big W” your kind of tower? 
Better believe itt Write today or see your 
nearest dealer. Ask about the W-80. It's real. 


i 


iii 



firi-Ex 

TOWER CORPORATION 

7182 Rasmussen Avenue, Visalia, California 93277 


More Details? CHECK -OFF Page 142 


107 









Den, 



$600 PRICE BARRIER 


with the all-new 

American-made DTR-1 hf transceiver 


500 Hz & 1 kHz 
Active Audio Filters 


VOX and PTT... 
Standard 


Digital Readout ,.. 
Standard! 


TOO GOOD 
to be seen 
’til AUGUST 


No Final Shutdown 
works into any load! 


10 -160M full coverage ■ 

All Solid Slate ■ 

Plug-in boards ■ 

Semi-break-m CW with sidetone 


Other Features 

■ 2.3 kH: 8-pole SSB filler 

■ 9 MHz i-f 


Noise blanker 
25 kH; calibrator 


RII ± 5 kHz 


$599 


50 


ORDER NOW for August Delivery 


AC Power Supply 599'* 


Hams Serving Hams Since 1939 

ELECTRONIC DISTRIBUTORS, INC. 

I960 PECK STREET MUSKEGON, MICHIGAN 49441 

TELEPHONE(616) 726-3196 TELEX 22-8411 


MFJ INTRODUCES A NEW 

24 HOUR DIGITAL CLOCK 

with HUGE 1-5/8 inch di gits that you can keep set to GMT. 
Alarm and snooze functions let you use it as an ID Timer. 
Assembled, too! 









?29 


95 


MFJ Enterprises brings you a new 24 hour 
digital alarm dock with HUGE 1 5/8 inch orange 
7 segment digits that you can see dear across 
the room 

This one is strictly tor your ham shack, one 
that you can leave set lo GMT No more mental 
calculations lo gel GMT 

Use the alarm to remind you of a SKFD or 
with the snooze function as an 10 timer to huu 
you in 8 minute intervals 

A constantly changing kaleidoscopic pattern 
indicates continuous operation 
Beige. 2 1/4 x 4 1/8 k fl 3/4 inches UL fisted 
Requires 120VAC. 60Hz, 

Order from MFJ and try it - no obligation If 
not delighied, return it withm 30 days for a re 
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lund (less shipping) One year limited warranty 
by MFJ Enterprises 

To order, simply call us toll free 800 64 7 8660 
and charge it on your VISA or Masier Charge 
or mail us a check or money order for $29 95 
plus 52.00 for shipping and handling 

Don't wail any longer to ergoy the convenience 
ol a "Hams Only" clock Order today 

MFJ ENTERPRISES 

P. O. Bon 494 

Mississippi Stale, MS 39762 

Call Toll Free .... 800-647-8660 

For Gfd or status and repair status and in 
Mississippi, call 601 ’323’5B69. 



cussron of their many practical uses, 
such as relaying of medical data over 
long distances. Each copy also corn 
tains an attractive four-color tracking 
device that makes finding the satel¬ 
lites a simple task. 

Every amateur radio operator, 
short-wave listener, electronics en¬ 
thusiast, and technician now has 
access to all he will need to know to 
enter the space age via OSCAR. 
Getting to Know OSCAR — From the 
Ground Up is available for $3,00 plus 
36C postage from Ham Radio's Com¬ 
munications Bookstore, Greenville, 
New Hampshire 03048, Order 
AR-OSC. 


antenna center insulator 
from Hy-Gain 



The engineering group at Hy- 
Gain Electronics has introduced a 
new center insulator unit for multi¬ 
band doublet antennas such as the 
Hy-Gain Model 380 {2BDG), The new 
insulator, Model 157, has a built-in 
SO-239 for easy hook-up to a PL-259 
on attaching coaxial cable. The in¬ 
sulator is molded from high-impact 
ABS plastic and all internal connec¬ 
tions are fully weatherproofed and in¬ 
sulated with silicone for complete 
reliability under all environmental 
conditions. 

All hardware is iridited to resist 
corrosion. Hardware is provided on 
each end for positive antenna attach¬ 
ment and an eyescrew is attached to 
the top of the insulator for stringing 
support wires for the antenna. The 
Model 157 will handle 1 kW average 
power and 2 kW PEP. 

For further information on the new 
Hy-Gain doublet antenna center in¬ 
sulator or other Hy-Gain amateur 
products write: Hy-Gain Electronics, 
8601 Northeast Highway Six, Lin¬ 
coln, Nebraska 68505, 
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You have your own 

calculator. 

WhynotaDMM? 


The DMM for Home Electronics Experts. 


P.O, Box 626, San Jacinto, CA 92393 


Finally, a digital multimeter that's 
yours, just like your pocket calculator, 
and more useful. Only $169.* 

You pack only 13 ozs. in your pocket 
or service kit, hut size is deceptive The 
8020A has more useful features than 
any other multimeter available—-at 
any price! Features like 26 ranges and 
seven functions, including conduct- 
ana*. 2000-count resolution. Hi lo pow¬ 
er ohms 

And it's rugged. The high-impact 
ease protects a minimum number of 
component parts (47 in ulh, and they're 
all readily available from any of the 
worIdwide FIuke service cent ers. Your 
8020 A is factory calibrated by 
traceable equipment. And we guaran¬ 


tee it'll live up to published specs fora 
full year. 

The 8020A is a true field instrument, 
designed with a highly readable LCD 
display, and inexpensive 9V transistor 
battery power for continuous use up 
to 200 hours. Reliability, quality and 
va I ue: that\s Fluke t rad i l i on. 

To get your hands on one, call (8001 
426-0361, toll free. Give us your charge- 
card number and we ll ship an 8020A 
the same day. Or, well tell you the loca¬ 
tion of the closest Fluke office or dis¬ 
tributor (where you can save by buy¬ 
ing a ten-pack of 8020 As for only 
$1521*). 


U S price only. 


2507-7104 


More Details? CHECK-OFF Page 142 
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CURTIS SYSTEM 4000 
Automatic CW-RTTY 


CURTIS KEYER 
^0*^ CHIP now $14.95 

8043*; 1C only {Qtv pricing available) I 14.95 
6043-3; iC, PCB, Manual (New item) , I 24.95 
6043-4; SemUkil (New Hem) .$ 54.95 

Add lor postage and hand ting * ■ * % 1.50 
'Apr 75 HR. Feb 7b QSt Radio Htfbk T5. HflftL MM Tin 

EK-430 CMOS Kerer (Feb 75 GST) ,.. *124.95 
IK-440 A Inmuctokeyer (Mar 76 OST) . *224,95 
SYSTEM 4000 Ham Computer (5-100 
buss compatible) 

NEW! See Jen 78 Ad m OST or wrtla tor into ., 


Curtis Electro Devices, Inc, 

tdlS| 9*4*3131 

lu44H Wawaaia View. C4S4040 




EPSILON OST RECORDS 


40 ft | 
Crank-Up" 
Ham Model T 140 


ALUMA 

TOWERS 


eo Ft 

Ham Crank-Up 
Model T SO -H 


HIGHEST QUALITY 


MADE IN ALUMINUM 

* TELESCOPING 

(CRANK UP| 

* GUYED 

* TILT OVER MODELS 

QUALITY MADE 




HAM 

COMMUNICATIONS 

MANY MODELS MFQ. 

Towers to 100 feet. Specials 
designed S made See dealer 
or send for free catalog. 


ALUMA TOWER CO. 

SOX 2606HR 

VEflO BEACH, FLA. 32960 
PHONE (305) 557-3423 


learn radio code 


THE EASY WAY! 

Based on modern 
psychological techni¬ 
que* — Tnjf course will 
lake you beyond 13 
w.p.m. in 

LESS THAN 
HALF THE TIME! 


* 9.95 


Album contains 
three 12" LP # s 
214 hr, instruction 


* No Rooks To Read 

* No Visual Gimmicks 
To Distract You 

* Just Listen And Learn 


Available in Cassette auo Uu only 110,95, 





















ns WHAT 

YOU 

ONTHE4R 
THAT MAKES 

YOUR 

QSOQ5 


The Frequency'Agile FL-1 is totally 
unique in that it wifi automatically 
scan the 280-3.000 Hz audio 
spectrum, and when sensing 
interfering heterodynes CW or RTTV 
signals, rejects them up to 40 DB 1 

NOTCH-MODI OPERATION 

During your SS8 SSTV operations the 
Frequency-Agile FL-1 AUTOMATI¬ 
CALLY scans locks and tracks inter¬ 
ference within the 280-3000 Hz 
spectrum and in a second or t wo 
reduces GRM up to 40 dbt 
For CW RTTY usage, fully 
INDEPENDENT control of bandwidth 


and center frequency provide 
rejection of interfering signals up to 
or greater than 40 db 

PEAK-MODE OPERATION 

The SSB SSTV operator using the fully 
INDEPENDENT controls of the FL-1, 
can precisely tailor the audio re¬ 
sponse. reducing or eliminating ad¬ 
jacent channel splatter or SSTV QRM 
The CW RTTY operator can adjust 
band width down to 25 Hz rejecting 
virtually all interference to the 
desired signal Often the 
AUTOMATIC and AFC features of the 
FL-1 are desirable when in this mode 



$ 179 95 

including Pro r -'0"d 
sr"DDmg i fui "TsufOn *:■ 


* Made -ft ■ noiana 

• -tin v^r A'curanlv 

*. A MA\j- r, 

Qc e0lnd 


GENERAL SPECIFICATIONS 


* Size 8"W. 3 f> H 5,5"D 

• Requires 9-16 VDC from either 
internal battery or external supply 
(not included) 

• Installs easily in your audio line 
between your receiver and speaker 

* Highest quality construction - 2 
glass circuit boards 8 IC s 6 
Transistors 8 Diodes 2 LEDs 


Dedicated to Excellence 



Technical 

Products 

Corp. 


[E < 'iitfive 

mp decs f 
CiT MG 
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KESTER 

S0UKR 


Litton 4 2 01 WRIGHTWOOD AVENUE/ CH ICAGO, ILLINOIS 60639 


Box 62 Birmingham, Michigan 48010 Telephone 313 588-2288 


This is easy - 
anyone can solder 

KESTER* SOLDER 


Handymen! Hobbyists! ® 
DO-IT-YOURSELFERS! L - 


Let Kesler Solder aid you in your home repairs or hobbies. For that household 
item that needs repairing — a radio, TV, model train, jewelry appliances, minor 
electrical repairs, plumbing, etc. — Save money—repair it yourself. Soldering 
with Kester is a simple, inexpensive way to permanently join two metals 

When you Solder go '‘First Class" — use Kester Solder. 

For valuable soldering information send self-addressed stamped envelope to 
Kester for a FREE Copy of "Soldering Simplified”, 


KESTER SOLDER 


f r Reference 
* Library 
□ I Maps 

■ !:i l : and Atlas 


WORLD PREFIX MAP — Full color. AO x 28-. 

prefixes on each country . DX /ones, 
limt /ones, ctlies, cross referenced tables 

$1.25 

RADIO AMATEURS GREAT CIRCLE CHART OF 
THE WORLD — from The tenlei of I he United 
Slitq* ( Full color, 30 < 2b*. Iishnfi Orest Ctr- 

tie Lieannei m degree*, tot sm major US citiemj 
I Boston, Washington D.C., Muirni. Seattle. San 
Francisco & Los Angeles $1.25 

RADIO AMATEURS MAP OF NORTH AMERICA! 

Full color, JO 1 " x ?!j" — includes. Central Amer* 
tea iind the Ciirrbbe^n to the equaior, showing 
call dreov, /one boundem.--*, pierce* arid lime 
FCC frequency chart, plus useful Inform ft, 
fion on each Of the SO United Slates ana other 

Counlnes $1.25 

WORLD ATLAS Only ,jllas compiled for aadio 
fimaieuts Packed with woiifi vmfie information 

— includes J! maps, m a colors with jnne 
boundaries i»nd country prefixes on each map 
Also includes a polar prciection map of the 
wm id plus a map of the Antarctica - a com* 

pPeic sei of maps of the world 20 pages. Size 

B J /*' x 12" $2.50 

CompWr reference library of maps — set of * 
as listed above $3,75 

See your favorite dealer or order direct. 

Mail orders please include $1.25 per order 
for shipping and handling. 

RAQI0 AMATEUR 111 | 1 

callbaokiNc 


wt m fof 

mt 

8R0CHUK! 


Oepl, E 92$ Shet^ood Drive 
Like Bluff HI 60044 
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1 jl " 1 

(X, ' 1 ’ 1 i ■ 1 !w IB 1 1 B IU 
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INTERNATIONAL CRYSTALS & KITS 

OSCILLATORS * RF MIXERS * RF AMPLIFIER • POWER AMPLIFIER 



OX OSCILLATOR 

Crystal controlled transistor type. 3 
to 20 MHz, OX-Lo, Cat, No 035t00 
20 to 60 MHz. OX-Hi. Cat. No. 
035101. 

Specify when ordering 

$4 95 ea. 


MXX-1 TRANSISTOR RF MIXER 

A single tuned circuit intended for 
signal conversion in the 30 to 170 
MHz range Harmonics of the OX or 
OF-1 oscillator are used for injec¬ 
tion in the 60 to 1 79 MHz range. 3 to 
20 MHz. Lo Kit, Cat. No. 035105. 20 
to 170 MHz. Hi Kit, Cat. No 035106. 
Specify when ordering 


PAX-1 TRANSISTOR 
RF POWER AMP 

A smgte tuned output amplifier 
designed to follow the OX or OF-1 
oscillator Outputs up to 200 mw h 
depending on frequency and vol¬ 
tage. Amplifier can be amplitude 
modulated 3 to 30 MHz, Cat. No. 
035104. 

h__ _ ZdL . .. -__ . 

7S P3 


OF-1 OSCILLATOR 

Resistor/capacitor circuit provides 
osc over a range of freq with the 
desired crystal. 2 to 22 MHz. OF-1 
10. Cat No. 035108. 10 to 60 MHz. 
OF-1 HI. Cat. No. 035109, 

Spec r fy when ordering 

$4.25 ea 


SAX-1 TRANSISTOR RF AMP 

A small signal amplifier to drive the 
MXX-1 Mrxer Single tuned input 
and link output. 3 to 20 MHz, Lo Kit, 
Cat No. 035102 20 to 170 MHz, Hi 
Kit, Cat, No. 035103. 

Specify when ordering 

$5 50 ea. 


BAX-1 BROADBAND AMP 

General purpose amplifier which 
may be used as a tuned or untuned 
unit in RF and audio applications 
20 Hz to 150 MHz with 6 to 30 db 
qam. Cat No 035107. 

Specify when ordering 

$5 75 ea 



International Crystal Mfg. Co M Inc. 

10 North Lee 

Oklahoma City. Oklahoma 73102 


Cat. No. 
031000 

031081 

031300 

031310 


02% Calibration Tolerance 

EXPERIMENTER CRYSTALS 

(HC 6/U Holder) 


Shipping and postage (inside US, Canada and Mexico only) 
wilt be prepaid by International Prices quoted for US., 
Canada and Mexico orders only. Orders for shipment to other 
counifies will be quoted on request. Address orders to: 

M/S Dept.. P.0 Box 32497, 

Oklahoma City, Oklahoma 73132 


Specifications 

3 to 20 MHz — for use in OX OSC Lo 
Specify when ordering $5,95 ea* 

20 to 60 MHz - For use in OX OSC Hi 
Specify when ordering $5.95 ea 

3 to 20 MHz — For use in OF-1L OSC 
Specify when ordering $4.75 ea. 

20 to 60 MHz — For use in OF-1H OSC 
Specify when ordering $4 75 ea. 































RTTY for ALL Systems _ 

MODEL 400 


Regeneg Saunter 


BRINGS 
YOU THE 
NEWS 
WHILE ITS 
HAPPENING 


to channels covering ” 
all 5 bands. AC/OC operation. 


SAVE *40 $OQ95 

U$T- S 129.95 Uu 


UOO's OF CRYSTALS 


•H25C Case Scanner Monitor 
i *10.7 Amateur Ham 
' *2 Meter, CB. Standard 


ELECTROCOM ® SERIES 400" 
FREQUENCY SHIFT CONVERTERS 


Professionally engineered for ou [standing 
performance, stability and reliability the 
Electrocom* Models 400 and 402 add new 
dimensions of eompalifoihfy between radio 
arid teletypewriter systems Manufactured to 
highest quality standards an Electrocom 
tradition for nearly two decades these units 
are ideal for military, government, commer¬ 
cial civil defense and amateur applications 
The Model 400 from panel digital knobaccu- 
rately selects shifis up to 1000 while two 
such knobs on [he Model 402 independently 
set I he mark and space frequencies Both 
models may also be presei with any tone pair 
between 1000 and 3200 Hz 
Optimum performance with FSK or AF5K 


systems ■$ assured by matched filters pre 
ciston linear detectors baud rate- selector 
bias compensation and semi-diversity cir¬ 
cuitry Operation is enhanced by a CRT 
monitor autostart with solid-stale motor 
switching antispace mark ho Id flA MIL 
Output voltages and a constant current loop 
supply In addition various options are 
available including rack mounting and polar 
current output 

Write Of cat! uu for complete product dt 
tails and specifications Learn why Electro 
com h 400 Converters are designed not 
only tor today's communication environ¬ 
ment but ultimately to fulfill RTTY require 
menls for years to come 


CRYSTAL BANKING SERVICE 
P.0. BOX 603 

LYNN FIE LO, MASS. 01940 


1105 N, IRON WOOD DRIVE. SOUTH BEND. INDIANA 46615 

Telephone 12191 232-2743 


CU 4 S bPD T 
PUSH BUTTGF 
S* J ILH, 

»i - so 


50 ohm COAX 

I 74 U 

5L> ft. l . 75 


./ Ohm 
FIVE WATT 

RESJ&T0R 

5 /11,on 


cuiAkrrm uuhtlh 
PLUG 


£0-2 i'< <-sc 
pl- 259 fisc 
1D/Sf'.ftfl 111 K .MATCH 


toggle vMmMgAT ShrinK 


[ p c op panned 

L MOuMT MIN) 

3 SWITCH SPOT 
f/ *1*0Q to/IS 


ASSORTED sites 
id roox BUNDLE 

95 C 


MJE3055 

*0 V A f TS 60VCE 
tO AMI 1 ' NPk 


79C 


M0LEX PINS 


itut \ 

j -1 

MJM 

200 EACH St VIS 
1000 EACH Si.9S 


mat 4 

NEW HOUSE HARKED 
LOO for S2.05 


MTU3M fAil# HU 

w 

INCh IftO/t I . OU 

inch 100 / 11,73 


30 AWC 
tvj'ro «trap 

IT. ORtfN 
£>k. QffEEk 
NED 

100 FT * 


choker ics pad 

H*S A CDHHQN 
TERMINAL AND A 
TERMINAL EUR 
O <3 CANCEL AML 
SEND* A GAL at 
VALUE TQB 
14.50 


KEYBOARDS 


UL T RASON 1L 
TRANDUCf Ft 

WITH »CA JACK 

Jf KHZ 11*9S 

40 KH t I1.8S 


ItlESC KEYBOARDS ARE TAcfORY HE ft l N IHE BOX „ 
FnflTT-SEvFt* KEY 1 ., MUS tUtDIirC, DUAL Me: [if A kj'- EBCDIC, 
r E K TENDED BINARY CODED DEC I HAL CODE. I Th£ Bui TON u£Y 
TOPS ARE GRAY AND WHITE. COMPLETE. DDL li HE NT iQtt |S 
GIVEN WITH Utn KtVQpAHD* I AST TO MOUNT * (BRACKET 
INCLUDED!- 

this fine quality keyboard, with original cost 

Ilf 106.00* IS NOW OFFERED TO YOU FgR QkL Y , , . * t J LS1 


TYPE 

watt 

[ c 

vceo 

M J 1000 «■" 

0-0 

6 

60 11.11 

Mi 900 w 

00 

6 

to 11* 65 

’ BL*£B” 

FAN? 

1 l r lC|:C PM 


< & 

SOLDER TAIL 
(C SOCKETS 
0 PIN 1.20 
I * PTN 1 , IS 
\A PIN 1 . L L 
1 A PIN t , 35 
■*0 PIN 1.85 


* I REWRAP It 

SOCKETS 


HO A 9 70 
f+fl I DGE 
I ‘Q PI V 
* AMP . 

1*75 


mis ASSORTMENT 01 
Pot r, are new. he 
JUS T I + Avt Nn T HAD 
T I Hi. to SORT Turn 
ALL ARE PC TYPF. 

10711,00 



1 * 

Pi 


c 


J A 


D 

lu 

7-1 ^ 

\ 

F -AA'SIL^L CELL 

M)0 MILL. AT 5 V 

._j 


THUMPNHLtL SWITCH 
BCD S, INGLE MOUNT 
1 / PDS I I ION o- M 
* 5-lf.Dfl 


CRYSTAL 
0SCH 1 ATtm 


Wl JJAI : Ht'j Cjj 

_ . ■*—; 

* ♦ i 

m 

i KHz us C* LHP 
sou*wave Vcl zv 
S3, so 


,.5 INCH 'AN OPENING 
1,5 1NEH5 DEEP 
r *tiAu j . I OH SLDw 
US VOi T A.C, 

USt Li huf GUARANTEED 
16*95 

Nl n M-UFt J h y A N S 
, AMf -PL . , A*. AtjL 1 Vt 
f xf l ft NF 4 IN FA 


SOCKETS ||].5 VOLT OUTLET I 
■ 4 PIN t* 35 IwiTN SWITCH TAKES 
16 PIN 1*36 I A I A? 77 16 t N,HDLE 


li nc -r/nkc-r 

UG-VI4U iZrDO 


PNC -P/UHF- H 
U&-77TU 1J . 50 


|HP - P SUMP “ F ■ WH R Nt - M / LHF - F 

■-L-lb6 *1.50 oCf ' mr ' u * 3 -' 


1 . 75 


3/1 7 ,00 


T*TUNE pad housing 
BLACK ONLY S2.7S 


ROB AOPT. 

UO 157 1 

^ l N ' - F/UNC- H 
'U0■ 34 Vij *3*TE 


"n" m / 'HF F 
UG-146LI 14.25 

' P N' -f/uhP-H 
'uo-ejeu m,25 


Variable Power Supply 

* 1adjustable pop£h supply 
at 28V /Soma thermally PROTtiTEO. 

' ) Ur ABJUSTAPLE POWER Supply 
AT SZV SGOMA ADJUSTABLE POT, 


Marlin P Jones & Associates 

PO BOX 9023 

Riviera Beach, Florida 33404 

(305)848-8236 


-FLA. HES1 DENTS API), -1 * 

-MASTER OMAKdF VISA ACCEI"M.U 

‘Ahtl Sl.no POE OHDERS 1 M'fK 510,00 
’USA OkUERS ADD FDR SHtFPINC 

•foreign rLease allow sufficient 
POSTAGE 


- TR anViPObhEl 
"POT E PE5ISTDR 
*nsc, suppress i dn cap, 
-lOOOLff L*P. 

"HCGULATPR 7HO 5 HR 7 0]/ 


'PC QQAbD 
♦nr AT SINt 
■D1QDE5 
*IN5THUCTIDNS 
-hardware 


PSI 6-I2V 
PLi! IV ZBV 











































The way some people 
get attached to their 
Rockwell- Collins equipment 
you'd think we weren't 
making it anymore. 


But we are, and have been since 1933. 
That’s when Collins started out to build a better 
transmitter and became one of the quality and 
performance leaders in amateur radio. 

Rockwell-Collins quality starts with a careful 
and conservative design backed by rigid 
component selection and testing standards. 

And our performance speaks for itself with 


Whatever the reason, you can be sure that 
when you buy Rockwell-Collins equipment 
you’re making a safe investment. 

For more information on the incomparable 
Collins S/Line, write or call Amateur Radio 
Marketing, Collins Telecommunications 
Products Division, Rockwell International, 
Cedar Rapids, Iowa 52406; 319/395-4493. 


one of the cleanest, clearest signals on the air. 


It’s both quality and performance that 
make our S/Line a standard of 
excellence in amateur radio. 

Maybe that’s w hy people get 
so attached to their Rockwell- 


And 

here it is. 


Rockwell 

international 

where science yets rttwn to business 



Collins equipment. And why it 
has such a low depreciation 
rate on equipment value. 


1 

l 

: 


J 

h J 

^r 



More Details? CHECK — OFF Page 142 
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CRYSTAL FILTERS and DISCRIMINATORS 

9.0 MH; FILTERS 


XF9 A 

2.5 kHz 

SSB TX 

533.55 

XFd.R 

2 4 kHz 

SSB RX/TX 

$47.75 

XF9-C 

3.75 kHz 

AM 

$51.40 

XF9-D 

5.0 kHz 

AM 

$51.40 

XF9-E 

12.0 kHz 

NBFM 

$51.40 

XF9 M 

0.5 kHz 

CW (4 pole) 

$35.95 

XF9-NB 

0.5 kHz 

CW (& pole) 

$63.95 

9.0 MHz 

CRYSTALS (Hc25/u> 


XF900 

9000.0 kHz 

Carrier 

$4,15 

XF901 

8998.5 kHz 

USB 

$4.15 

XF9Q2 

9001.5 kHz 

LSB 

$4.15 

XF903 

8999 0 kHz 

BFQ 

$4 15 

r OS 

Hc25/u Socket Chassis 

,50 

F-Oti 

Hc25/u Socket P.C. Board 

,50 


Export 

Inquiries 

Invited 


>hippi n£ 

$1.25 

per filter 


VARACTOR TRIPLERS 


Tlif low cost, rnT?.)f Wdy to operate on the 432 MHz and 12% MHz bands. 
For OSCAR 7, mode B drive the MfoW432 family varactor iriplrr with your 
2 meter transmitter. The wideband varactor triples cover the full 2M/432 
band without reiunmg. 

NO power supply rEquirrd for varactor triplets; efficiency approximately 50*0. 
Three models available at 432, two at 12%. 


Model Max Drive 

MMv432 30 W $65.95 

MMv432M SO W $85.95 

MMV432K 70 W $125.95 

MMvl296 20 W $75.95 

MMvl29GH 35 W $99,95 


30 W $55.95 

SO W $85.95 

70 W $125.95 

20 W $75.95 





RECEIVE CONVERTERS 



MODELS FOR ALL BANDS 50 MHz 
- THRU 1296 MHz, LOW NOISE OP¬ 
TIONS AT 432 MHz. 


STANDARD ( F 10M, IF OPTIONS 6M A 2M 
POWER 12V D.C, l 

MMcl44 N F. 2.S dR typ. 

MMc432 N F* 3.8 dB typ. 

MMc438/ATV Ch2 or Ch3 IF 
MMcl296 N. F. 8.5 d8 typ. 

ANTENNAS (FOB CONCORD, VIA UPS) 

144 148 MHz J-SLOTS 


Shipping $2.50 
$49.95 
*59.95 
$79.95 
$69.95 


B OVER 8 HORIZONTAL POL 4 12.3 dSd 


D8/2M 


0 BY S VERTICAL POL. 
8 + 0 TWIST $47,65 


D8/2M VERT. 


$45.95 

$53.95 




420-450 MHz 
MULTIBEAMS 


48 EL GAIN +15.7 dBd 70/MBM48 
88 EL. GAIN + 1 S.S dBd 70/M8M88 


$49,95 

$73.50 


UHF LOOP YAGIS 

26 LOOPS GAIN +20 dBi 

1250-1340 MHz 129&-LY $56.95 

1650-1750 MHz 1691-LV _ $63,9 5 

Send 30c (2 «.impsl for full details of KVG cryilal products and all 
your VHF & UHF equipment requirements. 

P re-Selector Fitters Amplifiers 5SB Transvertert 

Varactor Triplets Crystal Fillers FM TrJ diverters 

Decade Pre-Scalers Frequency Meiers VHF Converters 

Antennal 0 set Ha lor Crystals UHF Converters 


M 


i 


Spectrum 
International, Inc. 
Post Office Box 1084 
ncord, Mass. 01742, USA 



*- y4 KILOWATT 

LINEAR AMPLIFIER 

TPL proudly presets the first true power I/4KW 

SSB/AM. FM or CW solid state 
2 meter linear amplifier 

A remote control plug allows 
you 1o operate with the ampli¬ 
fier ON or OFF. or in 
SSB/AM. FM or CW 
from the dashboard 



The 2002 utilizes ihe latest state of the an engineering including micro- 
slftp circuilry and modular con strut I ion The three linal fransuiars 
combine to produce 250W when driven by t5W or more a! 13.8VDC 


POWER INPUT 
5-20W Carrier FM or CW 
?0W PEP maximum SSB or AM 

POWER OUTPUT 

?GO-250W earner FM or CW 
300W PEP SSR or AM 

FREQUENCY RANGE 
144 lo 143 MHz* 

■ wilt ope rale with shght 
degradation at 142 ISO MHi 


HARMONIC ATTENTUAT/ON 
All Harmonics Attenuated 
6U dB or Greater 

CURRENT DR AIN 
FM-40 Amps \.a 250W 
SSB-30 Amps «*' 30GW PEP 

DUTY CYCLE 

FM 50% ra tSOW 33 *. tw 250W 
SS0 60% {*> 150W 50% (« 250 W 


Model 2002 S479.00 
can t» ordered for repealer application 
, tor additional information con I act 

COMMUNICATIONS INC. 

1324 W t35TH $T . GARDENA. CA 9024? (2i3) 536-9814 

Caned# Lenbroofc Muffin. Lid . lH5 Eluii.imy Mtj Sca'tW'uuyfi OmIA'iq Win in& 
Espon EMfcClec South 30lh Avenue Haiiantaai# unnciii iiotw 



GREGORY ELECTRONICS 

The FM Used 
Equipment People. 


2 METER PORTABLE 
G.E. MASTR PR36 

132-150 MHz-5 Watts 


All Solid State 
with Ni-cad Battery 

$228.00 


Vehicular Charger 4EP63A 

(sold only with unit).$25.Ou 

A.C. Charger 

(subject to availability)..$25.00 

Speaker/Mike Type EM36 .$15.00 


GREGORY ELECTRONICS CORP. 



.. ■* 


245 Rt. 46. Saddle Brook. N.J. 07662 
Phone: (201) 489-9000 
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600 MHZ. FREQUENCY COUNTER 

±0.1 PPM TCXO 



This new instrument has taken a giant step in 
front of the multitude of counters now available. 
The 0pto-8000.1 boasts a combination of fea¬ 
tures and specifications not found in units cost¬ 
ing several times its price. Accuracy of ±0.1 
PPM or better — Guaranteed — with a 
factory-adjusted, sealed TCXO (Temperature 
Compensated Xtal Oscillator). Even kits re¬ 
quire no adjustment for guaranteed accu¬ 
racy! Built-in, selectable-step attenuator, rug¬ 
ged and attractive, black anodized aluminum 
case (.090" thick aluminum) with tilt bail. 50 
Ohm and 1 Megohm inputs, both with amplifier 
circuits for super sensitivity and both % 
diode/overload protected. Front panel in- M 
eludes “Lead Zero Blanking Control” and a ■ 
gate period indicator LED. AC and DC« 
power cords with plugs included. ■ 



OPTOELECTRONICS, INC 

5821 NE 14 Avenue 
Ft. Lauderdale, FL 33334 
Phones: (305) 771-2050 771-2051 
Phone orders accepted 6 days, until 7 p m 



SPECIFICATIONS: 

Time Base—TCXO ±01 PPM GUARANTEED' 

Frequency Range—10 Hz to 600 MHz 
Resolution—1 Hz to 60 MHz; 10 Hz to 600 MHz 
Decimal Point—Automatic 
All 1C s socketed (kits and factory-wired) 

Display—8 digit LED 

Gate Times—1 second and 1/10 second 

Selectable Input Attenuation—XI, X10, X100 

Input Connectors Type —BNC 

Approximate Size—3”h x 7V?'w x 6V?'d 

Approximate Weight—2 1 /? pounds 

Cabinet—black anodized aluminum (.090' thickness) 

Input Power—9-15 VDC. 115 VAC 50/60 Hz 
or internal batteries 

OPTO-8000 1 Factory Wired $299.95 

OPTO-8000 IK Kit $249.95 


ACCESSORIES; 

Battery-Pack Option—Internal Ni-Cad Batteries and charging unit 

$19.95 

Probes: P-100—DC Probe, may also be used with scope $13.95 
P-101—LO-Pass Probe, very useful at audio frequencies 

$16.95 

P-102—High Impedence Probe, ideal genera/ purpose 
usage $16.95 


VHP RF Pick-Up Antenna-Rubber Duck w/BNC #Duck-4H $12.50 

Right Angle BNC adapter #RA-BNC $ 2.95 

FC-50 — Opto-8000 Conversion Kits: 

Owners of FC-50 counters with #PSL-650 Prescaler can use 
this kit to convert their units to the Opto-8000 style case, includ¬ 
ing most of the features 

FC-50 — Opto-8000 Kit $59.95 

•FC-50 — Opto-8000F Factory Update $99.95 

FC-50 — Opto-8000 1 (w/TCXO) Kit $109.95 

•FC-50 — Opto-8000 IF Factory Update $149.95 
•Units returned for factory update must be completely as¬ 
sembled and operational 


TERMS: Orders to U S and Canada add 5% to maximum of $10 00 per order 
for shipping, handling and insurance To alt other countries, add 10% of tofaf or¬ 
der Florida residents add 4% state tax C O D fee Si 00 Personal checks must 
clear before merchandise is shipped 











BILLET ELECTB91ICS 


R 0. Box 19442 Dallas, TX. 75219 (214)823-3240 



MC3301P HOUSE # 

4 OP AMPS IN ONE PACKAGE. USES 
SINGLE SUPPLY, { 4 to 28VDC). 
INTERNALLY COMPENSATED SIMILAR 
TO MC3401, BUT HIGHER GAIN 490 


MC1351P FM-IF AMP 
AND DISCRIMINATOR 


ho^ s£ * 

LM3900 QUAD 
NORTON AMP 


TIL312 COMMON 
ANODE READOUT 


MC1437P DUAL 709 OP AMP 

HIGH OPEN LOOP GAIN, LOW NOISE. 14 


PIN DIP 


3/1.00 


USED IN FM & TV SOUND 
CIRCUITS. REQUIRES MINI¬ 
MUM EXTERNAL COMPO¬ 
NENTS. 14 PIN DIP. DIRECT 
REPLACEMENT FOR HEPC 
6060, ECG 748 and MANY 
OTHERS. HOUSE # 

WITH SPECS 500 


WE BOUGHT A LARGE 
QUANTITY OF THESE HOUSE 
NUMBERED PARTS AT A 
BARGAIN PRICE THAT 
ALLOWS US TO SELL THEM 
AT A LOW, LOW 390 


.3“ CHARACTER SIZE WITH 

pinout .65 6/3.00 


MPF131 N-CHANNEL 
DUAL GATE MOSFET 


IL-1 OPTO ISOLATORS 


500 


DESIGNED FOR AMPLIFIER AND 
MIXER APPLICATIONS TO 200 
MHZ. PLASTIC CASE. UNITS 
ARE HOUSE NUMBERED WITH 

SPECS. 


BY LITRONIX 6 PIN DIP 
STANDARD PINOUT LED- 
TRANSISTOR COMBINATION. 

500 

WHILE THEY LASTI 


SMALL SKIRTED BLACK 
INSTRUMENT KNOB. 


MJ900 - MJ1000 


FITS Vi" 
SHAFT WITH 
SET SCREW. 


rv-i 


1^5 


5/1.00 



COMPLIMENTARY PNP, NPN DARLING¬ 
TON POWER TRANSISTORS. 8 AMPS. 
WE SUPPLY A SCHEMATIC TO BUILD A 
HIGH POWER (35W) LOW DISTORTION 
AUDIO AMP WITH ONLY ONE 
ADDITIONAL TRANSISTOR AND A 
DOZEN INEXPENSIVE COMPONENTS! 
TO-3 CASE STYLE BUY A PAIR FOR 


$3. 


1N4148 DIODES 


HOUSE # PNP POWER 


TO-3 


MC1469R POSITIVE VOLTAGE 
REGULATOR 


LEADS ARE TARNISHED BUT 
CLEAN UP EASILY. THE BOSS SAYS 
"DUMP 'EM”.. SO CHECK THIS 
PRICE! --- 

50/1.00 


150 WATTS 
80 VCEO 
10 AMPS 



IDENTICAL TO 2N3790 1.00 


'h AMP COMPLETE SPECS AND 
APPLICATIONS SHOW HOW TO BUILD 
FIXED OR VARIABLE POWER SUPPLIES 
FROM 3 TO 30VDC DRIVE EXTERNAL 
SERIES PASS FOR CURRENT TO 20 
AMPS' 


FANTASTIC SOUND EFFECTS 
CHIP 


AVAILABLE ONLY FROM BULLET! 




ALL COMPONENTS 100% 
GUARANTEED 


CA3011 WIDEBAND IF AMP w/specs 
2N3569 NPN EPOXY 1W 


1.25 EA. 
10 / 10.00 


HOUSE # 


fir 


THIS 28 PIN MARVEL CONTAINS A LOW 
FREQUENCY OSCILLATOR, VCO, NOISE 
OSCILLATOR. ONE SHOT, MIXER AND 
ENVELOPE CONTROL. WITH 8 PAGE 
MANUAL. 5 to 9VDC 3.95 


741 OP AMP 8 PIN DIP 


723 VOLTAGE REG. 14 PIN DIP 


MPS6530 NPN HOUSE # 


725 OP AMP LOW NOISE HOUSE 4 


7815 15V 1A REGULATOR HOUSE H 
LM340T-12 12V 1A VOLT. REG. w/specs 

TCA430 QUAD OSCILLATOR 1/specs 
2N4343 P CHANNEL J FET 
2N6111 PNP MED PWR 40W TO-220 
2N6028 PROGRAMMABLE UNIJUNC¬ 
TION w/specs 

TRIAC 200V 8A UNMARKED 


500 

6 / 1.00 

5/1.00 

500 

8 / 1.00 

990 

690 

750 

690 

4/1.00 

3/1.00 

500 


INCANDESCENT PANEL 
LAMP 


CAPACITORS 


WITH TINNERMAN NUT YOUR CHOICE 
OF RED, GREEN, YELLOW, WHITE 12- 
24VDC 15C 


3/1.00 


POWER SUPPLY 
METERS 


Qualny 3Va” meters tor the P-S14. Q-15VDC & 
0-25A. Matched set, individually packaged. 
NOT SURPLUS! 12.95/set 




2200 MFD @ 16 VDC 
RADIAL 


S. 


3/1.00 

500 MFD @ 35VDC 
5/1.00 AXIAL 

220 MFD @ 25VDC 
7/1.00 AXIAL 


.1 MFD @ 20VDC 
DISC CERAMIC 


ULTRASONIC SENDER RECEIVER KIT US-02 


FND510 690 


COMMON ANODE READOUT V4” 
CHARACTER 

LIMIT 24 PER CUSTOMER! 



LEDS 


JUMBO: RED 5/.89 
GREEN 4/.89 


MEDIUM: RED .15 MINI: 

_[p GREEN .16 RED .10 

YELLOW .16 


Miniature 7K Pot 
w/iwitch PC 
Mount or panel 

tn ou nt 1 /8' * 

fhaft 

49 

Black plaxtic 
knob tor above: 
FREE 


LIMITED QTY 
Computer Grade 
FI LTER CAP 
Sc r*w 
T arminflli 

2" X SVi 1 ’ 
9500 tYifd@75V 
2.95 or 
4/9.95 


TOTAL SECURITY! Completely invisible ultrasonic (23KHZ) Sound beam works like a photoeleciric beam but is uneffectsd 
by light, hear or noise Serrate Transmitter and Receiver can be used from 6 inches to 25 feet! A solid object breaking the 
beamcauses an Output to go low that will sink up to 150 MA to Drive a Helav. TRIAC, etc. Complete electronics are provided. 

Works on 12VOC (unregulated) and draws less than 100 MA Use it for burglar alarms, object counters, automatic door op«n«t», 

automatic door bells, electronic rat trap(?l and more. . . . ... 

- - -. ———— .... Optional entry detaY 2nd Alarm Timeout Circuit 3,9o 

COMPLETE KIT LESS CASES 21.50 will source or sink up ro 200 MA DC. 


POWER SUPPLY KIT 
PS-14 


1.5V 10-30 ma 


WrBL c ALArM KIt 39.95 


Better than 200MV load and line regulation 
Foldback Current Limiting 
Short Circuit Protected ^ \acV-S 

Thermal Shutdown 2* > 

Adjustable Current Limiting ^ 

Less than 1 % ripple. 

15 amps 11.5 to 14.5V 

All parts supplied including heavy duty trans 
former. 

Quality plated fiberglass PC board. 


THE PS-14 HIGH CURRENT POWER 
SUPPLY KIT HAS BEEN SELLING 
FOR 39.95 FOR OYER A YEAR. IN 
EXCESS OF ONE THOUSAND KITS 
HAVE BEEN SOLD AT THIS PRICE 


public Notice! 

-NT POWER J WE WOULD LIKE TO GIVE OUR 
N SELLING l CUSTOMERS A CHANCE TO 
A YEAR IN • PURCHASE THE KIT AT THIS PRICE 
ISAND KITS I BEFORE A SCHEDULED INCREASE 
mfc PQinF : TO 43.00 IN SEPTEMBER. 


Mill t&BASDVATHIt CLOCK HIT 


UPS SHIPPING 
PAID! 


A fun EASY kit to assemble that emits an ear 
piercing 10 watt dual tone scream. Resembles 
European siren sound. Great for alarms or toys. 
Operates from 5—12VDC at up to 1 amp (using 
12VDC«8 ohm speaker). Over five thousand 
have been sold. All parts including PC board, 
less speaker. ORDER WB—02 


OVERVOLTAGE PROTECTION KIT 

6.95 


Provides cheap insurance for your expensive equipment 
Trip voltage is adjustable from 3 to 30 volts. Overvoltagt 


2.50 


Trip voltage is adjustable from 3 to 30 volts. Overvoltage 
instantly fires a 25A SCR and shorts the output to protect 


instantly fires a 25A SCR and shorts the output to protect 
equipment. Should be used on units that are fused. Di 
rectfy compatible with the PS-12 and PS 14. All electron 
ics supplied. Drilled and plated PC board. (Order OVP 1) 


Complete Electronics! 

Chimes the hour (ie: 3 times for 3 O'clock) 

Unique "swinging" LED pendulum O, 

Tick tock sound matches pendulum swing. O 

Large 4 digit .5" LED readout 
All CMOS construction 

Complete electronics including transformer & speaker; 
drilled and plated PC boards measure 4.5" x 6.5" 

BEAUTIFUL SOLID WALNUT 

Custom case for above kit. Over 9%" tall. 19.95 


39.95 




4 NO C.O.D.'S 

★ SEND CHECK M.O. OR CHARGE CARD NO. 

* PHONE ORDERS ACCEPTED ON 

VISA AND MASTERCHARGE ONLY. 


★ ADD 5% FOR SHIPPING 

★ TX. RES. ADD 5% STATE SALES TAX 

★ ORDERS OF $50. & OVER TAKE 10% DISCOUNT 
Hr FOREIGN ORDERS ADD 10% 

(20% AIRMAIL) U.S. FUNDS ONLY. 


MK-03A CLOCK/TIMER KIT 

Features 24 hour Zulu time and up to 24 hours of elapsed 
time on the same set of six digit LED readouts. Totally 
independent operation of both functions. Clock has pre 
settable alarm with ID minute snooze. Timer has reset, 
hold, and count functions. Full noise and overvoltage 9 
protection. 24 hour only, Readouts has dimmer feature 
or they can be turned off without disturbing the clock or ^ 
timer. Timebase included (.01% accuracy). Because of the 
many options and mounting considerations the case and 
switches are not included. Switches are standard types. 

Will fit inside standard aircraft instrument case. 


9-14VDC 


28.95 
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RATES Non-commercial ads 10<p per 
word; commercial ads 60$ per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by non-profit 
organizations receive one free Flea Market 
ad (subject to our editing). Repeat inser¬ 
tions of hamfest ads pay the non¬ 
commercial rate. 

COPY No special layout or ar¬ 
rangements available. Material should be 
typewritten or clearly printed (not all 
capitals) and must include full name and 
address. We reserve the right to reject un¬ 
suitable copy. Ham Radio cannot check 
each advertiser and thus cannot be held 
responsible for claims made. Liability for 
correctness of material limited to cor¬ 
rected ad in next available issue 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N.H. 03048. 


MOBILE IGNITION SHIELDING provides more range 
with no noise. Available most engines. Many other sup¬ 
pression accessories. Literature, Estes Engineering, 930 
Marine Dr., Port Angeles, WA 93862. 

HAPPY BIRTHDAY! Now ten years fighting TVl. The RSO 
low pass filter. For brochure write: Taylor Communica¬ 
tions Manufacturing Company, Box 126, Agincourt, 
Ontario, Canada MIS 3B4. 

QUAD BUILDERS — Blizzard/Hurricane proof your an¬ 
tenna. Fiberglass vaulting poles. Incredible strength. 
Guaranteed new, 8-for $240.00. S.A.S.E. for info. K5WSE, 
Box 20-AA, San Antonio, Texas 78201. (512) 699-9260. 

CANADIANS 1,000,000 surplus parts. Bargains galore. 
Free catalog. Etco-HR,Box741,Montreal, H3c 2v2. 

PORTA PAK the accessory that makes your mobile really 
portable. $67.50 and $88.00. Dealer inquires invited. P.O. 
Box 67, Somers, Wise. 53171. 

COLLINS MECHANICAL FILTER 455J-60 wanted for 
75A4. K2RG, 10 Rose Court, Dover, N.J. 07801. 


Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radio Austria 

Karin Ueber 

Postfach 2454 

D-7850 Loerrach 

West Germany 

Ham Radio Holland 

MRL Ectronics 

Postbus 88 

NL-2204 Delft 

Holland 

Ham Radio Belgium 
Stereohouse 
Brusselsesteenweg 416 
B-9218Gent 

Belgium 

Ham Radio Italy 

STE, Via Maniago 15 

1-201 34 Milano 

Italy 

Ham Radio Canada 

Box 114, Goderich 

Ontario, Canada N7A 3Y5 

Ham Radio Europe 

Box 444. 

S-194 04 Upplands Vasby 
Sweden 

Ham Radio Switzerland 

Karin Ueber 

Postfach 2454 

D-7850 Loerrach 

W«3f Germany 

Ham Radio France 

Christiane Michel 

F 89117 Parly 

France 

Ham Radio UK 

P.O. Box 63, Harrow 
Middlesex HA3 6HS, 

England 

Ham Radio Germany 

Karin Ueber 

Postfach 2454 

D-7850 Loerrach 

West Germany 

Holland Radio 

143 Greenway 

Greenslde, Johannesburg 
Republic of South Africa 


QUAGI/YAGI BUILDERS — Insulated fiberglass booms 
to 16-feet. Straight, strong, vaulting poles. S.A.S.E. for 
info. Guaranteed new $30.00 K5WSE, Box 20-AA, San An¬ 
tonio, Texas 78201. (512) 699-9260. 

CQ AND QST 1950-1975 ISSUES FOR SALE. Send SASE 
if ordering Ham Radio, 73, or other CQ and QST issues. 
One dollar minimum order and all issues cost 254 each, 
including USA shipping. Send chronological list and full 
payment to W6LS, 2814 Empire, Burbank, CA 91504. 

RTTY — NS-1A PLL demodulator W/T $24.95 ppd. Price 
advance effective Sept. 1st. SASE for info. Nat Stinnette 
Electronics, Tavares, FL 32778. 

WANTED: Crystal Impedance Meters, TS-683, TS-330, 
TSM-15 RFL Models 531, 459 or 1207. Glenn 
Kurzenknabe, K3SWZ, 403 Centerview Ave., New 
Cumberland, PA 17070. 

HAM RADIO HORIZONS, a super new magazine for the 
Beginner, the Novice and anyone interested in Amateur 
Radio ... What it's all about, How to get started, The fun 
of ham radio. It’s all here and just $10.00 per year. 
HURRY! HURRY! Ham Radio HOIRZONS, Greenville, NH 
03048. 

FREE CATALOG of new merchandise. Resistors, 
capacitors, IC’s, semiconductors, and more. Send to: 
Key Electronics, Box 3506H, Schenectady, New York 
12303. 

WANTED: Measurements 59 grid dipper. Also interested 
in HF and UHF tuning heads. Jim Ffsk, W1HR, Ham 
Radio, Greenville, NH 03048. 

WANTED: Davco DR230 receiver. Please state price and 
condition in first letter. Jim Fisk, W1HR, Ham Radio, 
Greenville, NH 03048. 

SEE OUR AD In this issue, Pyramid Data, Page 140. 

B4K TEST EQUIPMENT. Free catalog. Free shipping. 
Dinosaur discounts. Spacetron-CG, 948 Prospect, Elm¬ 
hurst, IL 60126. 

MOTOROLA HT220, HT200, and Pageboy service and 
modifications performed at reasonable rates. WA4FRV 
(804) 320-4439, evenings. 

AUTHORIZED DEALER for DenTron, KLM, Larsen, Bear¬ 
cat, etc., Big Catalog 201-962-4695 Narwid Electronics, 
61 Ballot Road, Rlngwood, N.J. 07456. 

RECONDITIONED TEST EQUIPMENT for sale. Catalog 
$.50. Walter, 2697 Nickel, San Pablo, Ca. 94806. 

TELETYPEWRITER PARTS WANTED: for ail machines 
manufactured by: Klienschmldt Corp., Teletype Corp. 
and Mite. Any quantity, top prices paid send list for my 
quote. Phil Rickson, W4LNW, Rt. 6, Box 1103G2, 
Brooksvilie, FI. 33512. 

VERY In-ter-eat-lng! Next 3 issues $1. “The Ham Trader”, 
Sycamore, IL 60178. 

QSL CARDS 500/$10. 400 illustrations, sample. Bowman 
Printing, Dept. HR, 743 Harvard, St. Louis, MO 63130. 

HOMEBREWERS: Stamp brings component list. CPO 
Surplus, Box 189, Braintree, Mass. 02184. 

WE MAY NOT HAVE a toll-free number, but we’ll save 
you more $$$ in the long run! This month's special: CDE 
Ham-Ill Heavy-Duty rotor for only $114.95, prepaid 
anywhere in the Continental United States! We are also 
factory-authorized dealers for Yaesu, Drake, Kenwood, 
Ten-Tec, ICOM, DenTron, and many more. For the best 
deal around on the HF or VHF gear of your choice, write 
or call us today for our low quote. Try our personal, 
friendly Hoosler service and become one of our many 
happy and satisfied customers. HOOSIER ELEC¬ 
TRONICS, P.O. Box 2001, Terre Haute, Indiana 47802. 
(812) 238-1456. 

HELP WANTED — Beehive Telephone Co. has need of a 
Ham/pllot/FCC licensed technician telephone main- 
tainer. We have, planned or under construction, 6 
automatic dial switches spread out over 6,000 square 
miles of Utah from Lake Powell to the Idaho Border; four 
hops of microwave; 150 miles of toll line; all for just over 
300 customers. We use low band/high band and UHF and 
have several private SSB HF circuits for our 
maintenance coordination. We do all our own construc¬ 
tion, etc. Write telling W7NVY about yourself and your 
ambitions. ZIP; 84313. 

WANTED TO BUY — Heath IT-1121 Curve Tracer. Ernest 
Ruland, 69 Southworth St., Willlamstown, MA 01267. 

HRQ7 COIL SETS WANTED below 1800 kHz, W600Q 
985 W. 3rd Ave., Escondido, CA 92025. (714) 743-9822. 

CLUB CALL PINS 3 lines 1-1/4 x 3-1/4 $1.25 each. First 
Name, Call and Club. Colors Black, Red, or Blue with 
White letters. (Catalogue) Arnold Linzner, 2041 Linden 
St., Ridgewood, N.Y. 11227. 



SUPER-BUY - 5000 mfd. @ 
? 40 volt electrolytic cap. factory 
^new and complete w/all hard- 
^iware. $1.35 ea. ppd. 


Plug-in transformer. 
Secondary is 7 Vac 
300 mA. A very good 
deal for TTL-CM0S 
circuits. $2.00 ppd. 


Push-on Pull-off panel mount 
switch. High quality Grayhill 
switch complete with hardware. 

25c ea. ppd. 


High-gain 8 watt 
audio amp. 20 mV will 
drive it to 8 watts out. <L 
Rectifiers and filter 
cap on the board. 

Size approx. 3" x 4" x 3" high. All you 
need is 24-0-24 volts ac. Of course we 
supply schematic. $3.25 ppd. 



SMOKE DETECTOR 

Protect your family — 
Thorne — and business. 

^ ^These U.L. Approved, ALL 
METAL units were remov¬ 
ed from large apartment complex being 
torn down. 115 Volt AC input. Sensitivity 
to smoke is 2% per ft. max. Paint may 
be scratched but all units tested before 
shipment. Buy now — Don’t delay 
longer. $8.95 ea. ppd. 

Transformer: 115V AC Primary 12 volt 
200 mA Secondary. PC Board type — A 
very handy unit $1.00 ppd. 

— PL55 patch cord — a full 
i \ 20 feet long with a molded 
' J PL55 one end. Real nice. 

A low — 75c ea. ppd. 


4PDT Relay, 12VDC coil, Potter 
Brumfield, 5 amp contacts, fac- 
tory new of course, a beauty 

$1.90 ea. ^ 


Mini-Toggle. DPDT Cutler- 
Hammer wire-wrap terminals but 
can also be soldered. Gold plated. 
A very high quality unit. Hard¬ 
ware supplied. $1.50 ea. ppd. 


Computer Grade Capacitor. 5100 
mfd @ 50 volts. Size: 2" dia. x 
2-1/4" high. $1.90 ea. ppd. 




MA1003 Clock Module 


$18.95 


1000 volt PIV 2 amp diodes 


.10 ea 


ALL ITEMS PPD USA 
SEND STAMP FOR LIST OF BARGAINS 
PA RESIDENTS ADD 6% SALES TAX 
FONE 412-863-7006 



ullElectronics 


12690 ROUTE 30 
NORTH HUNTINGDON, PA. 15642 


More Details? CHECK-OFF Page 142 
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The popular 
CUA 64-12 
by Heights 

Light, 

permanently 

beautiful 

ALUMINUM 

towers 

THE MOST IMPORTANT 

FEATURE OF 

YOUR ANTENNA 

IS PUTTING 

IT UP WHERE 

IT CAN DO 

WHAT YOU EXPECT* 

reliable ox — 

SIGNALS EARLIEST IN 
AND LAST OUT. 

ALUMINUM 

Comple t e Tel es eop i n g 
arid FoM-Over 
Series available 

Sel f-Supporting 

Easy tii Assemble 
and Erect 

All towers mounted 
on hinged bases 

And DOW, with matonjpri optroris, you 
can crank ft up or down, or fold it 
over, from the operating position in 
the house. 

Write for 12 page brochure giving doz¬ 
ens of combinations of height, weiftht 
and wind load. 

ALSO TOWERS FOR WINDMILLS 

HEIGHTS 

MANUFACTURING CO. 

In Almont Heights Industrial Park 
Almont Michigan 48003 


flea market 

WANTED — Milieu l-l f * 465 kc and l&QQ kc - i6i*55 
#61160 several nmidqd. Also schematic for 
Dream Ret. Owen Laughlin 1310 Plneer€Sf Dr., Farndafe. 
Ml 48220 

CREATIVE QSL CARDS — New ds&igns. Send 604, 
receive catalog, samples WILKINS CREATIVE PRINT 
ING. 0O« 787*2, Atascadero, GA 93422 


SELL — Swen Monobander 40A — Good — $100 00 
Henry Ankeny, 420 Soul h 16, Clarinda, towa 61832 (712) 
5424715 


WANTED: Loreni; lype 15 to la printer 45.5 baud gear set 
VE5KQ, 0 Stephenson, #34 30 Summers Place. Saska 
loon, Saak . S7H 3W4 

ELECTRONIC BARGAINS, CLOSEOUTS, SURPLUS 1 

Paris, equipment, stereo, industrial, educational Amo* 
Ing values 1 Fascinating items unavailable in stores or 
catalogs anywhere Unusual FREE catalog ETCO012, 
Box 762. Plattsburgh. N,Y 12901 SURPLUS WANTED, 

CODE PRACTICE TAPES — 100 High Frequency words 
which constitute 50% Of i*ll writing For details write to: 
El Don Enterprises, P O Ro* 3404, Redondo Beach, CA 
90277 

WANTED Hailicraliers PS 150-120AC power supply 
Hugh MeKnighl. BOO 6 337* US Naval Station, 
Charleslon.SC 29408 

NIC ADS: 600m An A size pen light 5, surplus, unused, 
excellent for portable, QPP 6 5V five pack, $3 75 Bram- 
well, 1330 SE Wal nut, Hillsboro, OR 97123 


450 PROGLINE REPEATER including COR Timers, 
Coupler $200 00 K7FE. Frank Errum, 1244 Granada. 
Casper. WY B2601. |307) 265-0083 


DRAKE LINE " STATION - R-<C. T-4XC. AC 4, MSA, 
4NB Blanker, all filter*. nine Krais, Fan $1300 Also 
Sherwood CF 125/8 Filler & "DX Engineering" RF 
Speech Processor, $90 each All excellent condition — 
one year old WA6ERS, 461 Via Cash as #1. Green brae. 
CA 94904 (415) 461 3209 

CUSTOM printed and photo QSL s. very economical, free 
samples Stamp appreciated Slu. K2RPZ. Bon 412. 
Rocky Point, NY 11 770 (516) 744 6260 


WANTED; HP noise Source 343A and 34&A, Plug ms for 
SING EH sweep-genera I or 6605, Tekironi* Spectrum- 
Analyzer 401 0L 7 OY, Claus Nele. Marlin Luther Sir 
121, D-1000 Berlin 62. Tel 03Of7B24410 


NEW HIGH SCHOOL CLUB NEEDS EQUIPMENT DONA¬ 
TION. will provide tax deductible receipt, pay shipping 
No Junk Please. Direct Response: Mark Cheek, Franklin 
County High School. Royslon Hoad* CarnesvUle. 
Georgia 30521 


MINT CONDITION: Allas 210 X or ThlOh If Of IV Also 
Power supply B Levin, 24251 Oneida. Oak Park, Mich 
1-313 545-5839. 


TELETYPE EQUIPMENT lor beginners and eapgf rented 
operators. RTTY machines, pans, supplies Beginner's 
special Model l& Primer and demodulator $139.00 
Dozen black ribbons $6 50, case 40 rolls 1 UiG perf tape 
$ - Atlantic Surplus Sales. 3730 Nautilus Ava., 

B:u. ■ 7 11224 Tel:(212)372 0349 


THE “CADILLAC 14 of QSL s! Samples: $100 [Return 
dable) - W5Y1. Box #1171 D, Gafifmd, 

Texas 75040 


TELETYPEWRITER PARTS, gears, manuals, supplies, 
lools. toroids SASE lisl Typelfonlcs, Box 8873, Ft 
Lauderdale, FL. 33310 N4T T Buy parts, late machines 

EXCLUSIVELY HAM TELETYPE 241h year. RTTY Journal, 
articles, news. DX, VHF, classified ads Sample 35« 
$3 50 per year, 1155 Aiden Drive, Encinitas. GaEif 92024 

MANUALS lor most ham gear made 1937ri970. Send 
only 254 coin tor Nat of manuals, postpaid HI. Inc , Box 
MB04,Council Bluffs, Iowa 51501 


QSL FORWARDING SERVICE — 3D cards per dollar 
Write QSL Express, 30 Lockwood Une. West Chester, 
PA 19380 


RECEIVE PARTS LISTS regularly 1<)r $4ryr Surplus Paris, 
P.0 BO* 7057. Norfolk, VA 23509 

SCANADAPTER — scan up 10 10 channels of any 
receive transceiver, variable scan rate, manual advance, 
and 7 segment readout Only 129 95 wired Pulse genera 
tors, high gain Instrument amps, more Free literature 
Tek Devices. Bo* 19154, Honolulu, HI 95017 


EEB STOCKS 

All Models 
& elements 




- We pay AIR FREIGHT on all 
prepaid or credit card orders- 

* Calf our order desk 

703-930'3511, 

* We itock in depth: Bird 43 
Thru lint, All Table 1 elements, 
CC-1 & EC*1 cases 

MODEL 43 $ 120-00 


AUTHORIZED BIRD DISTRIBUTOR 

DEALER INQUIRIES INVITED 


CD 


| ICOM 

IC-245/SSB 

IC-211 

IC-701 . 


IN STOCK 


$599 

*749 

Write 


plus others 


Wilson IN STOCK 

WE-800 ¥499 

MARK It HANDHELD $229 

MARK IV HANDHELD $259 

and much, much more 


All Prrp.iul ft. Charge Orders 
Skipped NO CHARGE in U.S, 

Sales lax 4% to Virginia resident only, 

ELECTRONIC EQUIPMENT BANK, INC. 

51 EH Mill St., Vienna, VA 22180 


TRANSMITTER MODULE KIT 



5 waft input monoband e w transmillflr and VFQ ah 
a 3* x 5' p t board opirates from I ? V0C 

$59.95 ppd USA 

Companion Receiver Module $39 95 pptl USA 

1611 80 40, or 2Q meters 

SPECIFY BAND DESIRED WITH vOUR ORDER 

ORDER FROM 

DIRECT CONVERSION TECHNIQUE 
3132 N well Avenge 
Chicago, Illinois 60641 


TEST EQUIPMENT 

A 11 equipment hvretl <s opera hen ,d and 
ujv pnrlilionuilv quarafift-ni Mom * b,+ k ii iiLct 
satisfied Pr n i \ LUi'darr FOB MoJiroi 1 

HP 1?0B -150kH7 gt>n pur scope $715 

HP I70AEUSMMOJ 30mH I scope with 
reghgn/, dual tr>icever! plugs 475 

HP I75A 50mH/ scop*' with reg 

florid, dual trace vert plugs.565 

Quaniech 303 Wave Au.it 44 5 

Tek 565 Dual beam 10mH/ scope 
less plug rns 13 Series I 675 

lek5t)5 6UMH; gen pur scope less 


plugin. 645 

U PAAJ5 Sland Sig Gen IDkHy 50MH/ 

CdlsU aim .. ... 225 


F fir i ornpleft' IlM qt nil lesl equipment 
send shmipeif m ir -idiin..nuHope 

GRAY Electronics 

P O.Sok 941, Monroe, Mich. 4816 3 

Sper uli/inq in used lest equipment 












Rciiv^d potyid. 

(hefe is n|a(ch tl^e 


■ -... -v:,- ■ " . 


I 


I engineering 


RS-25M R©u?er Supply 



j 


/ __ *—’ 


J _Jw 


PS 25M - 21 lb. 6 
Wired & tested (S8.42 per lb.) 
Kit ( $7.25 per lb.) . 


The competition 

Weighs about 10 lbs. less than the PS-25M 
($12.63 per lb.).$139.00 


$179.95 

$154.95 


25 Amp regulated power supply with fold back current limiting, over voltage 
and transient protection. Also, output voltage and current meters. 


You might find a cheaper power 
supply, but you can't find one as 
well built with top quality com¬ 
ponents. Other power supplies 
with lighter weight transformers 
and components are no match for 
the VHF Engineering PS-25M. 

It is rated at 20 amps continuous 
duty (not 10 amps). This power 
means extra dependability and 
versatility when you need it. 


Compare VHF Engineering's quality and specifications. 


FEATURES 

• Overvoltage protection crowbar. 

• Electrostatic shield for added transient 
surge protection. 

• A foldback output limiter operates for 
loads outside of the operating range. 

• Isolation from ground. The circuit is 
isolated from the case and ground. 

• 11 5/220 volt input — 50/60 cycle. 

• Units ore factory wired for 110 volt AC. 
50/60 cycle power. A simple jumper will 
reconfigure the input for 220 volt AC, 
50/60 cycles. 

• Temperature range-operating 0 to +55 C. 

e Black anodized aluminum finish. 


SPECIFICATIONS 

Voltage Output: 

adjustable between 10 15V 
Load Regulation: 

2% from no load to 20 amps 
Current Output: 

25 amps intermittent 
(50% duty cycle) 

20 amps continuous 
Ripple: 

50 mV at 20 amps 
Weight: 

25 pounds 
Si 2 e: 

12V* x sy-" x 7 V 


amiQ 

ooiottv >o4« dhvhAi ioito«oliortl 


if engineering 


V7S4* 


master charg^ 


tut .«**••**»• c*»e 


DIVISION DIVISION OF BROWNIAN ELECTRONICS CORP. 

320 WATER STREET / BINGHAMTON, NEW YORK 13901 / PHONE 607-723 9574 

F.O.B, Binghamton / Prices and specifications subject to change without notice. / Export prices slightly higher 
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flea market 


WANT UP TO DATE INFORMATION? Radio Hobbyisi 
Newsletter issued every 2 weeks Only $5 00 year W5YI, 
Go* 1171-0. Garland Texas 75040 

£2 deals are ihe basil Try me and see for Yaesu, Drake, 
KLM, Swan, Cu&hcralt, DenTron, VHF Eng, ICOM, CDE. 
Hustler, Wilson and more. Gan, see or write WflEZ, Bob 
Smim Electronics. RED 3, Hwy 169 & 7, Fort Dodge, IA 
50501 <5l5>576-3886 

TRAVELS AK QSL KIT Send call and 25c, receive your 
call sample kll in return. Samco. Box 203, Wynantskill, 
NY 12198 

THE MEASUREMENT SHOP has usedhecondilioned 
lest equipment ai sensible prices, catalog 2 We si 22nd 
St . Baltimore, MD 21218, 

RADIO MUSEUM NOW OPEN Free admission, 15.000 
pieces of equipment from 1850 telegraph instruments to 
amateur and commercial transmitters of me i920s Ama- 
teur station W2AN Write for information Antique Wire 
less Assn., Mam Si . Holcomb, NY 14469 

AMATEUR MICROPROCESSOR EXPERIMENTERS: 10 

MHz ± 20 ppm Cokiwold crystals 1 ppm/yr 32 pF, C 0 6 
pF $4.25 ea postpaid Savoy Electronics. Inc., P O Box 
5727, ft Lauderdale, FL 33310 305-583-1333 

WE BUY ELECTRON TUBES, diodes, transistors, lots 
grated circuits, semiconductors ASTRAL ELEC' 
TRONICS. 321 Pennsylvania Avenue. Linden, NJ 07036 
201 48^3300 

AUTHORIZED DISTRIBUTOR F9FT Antennas, 
Microwave Modules. RrW Products new tandem rehec¬ 
tor. 19 element, 432 MHz Yagi — Radio Clinic — N2MB 
(formerly WA2BIT) 212-327-4952 

SELL: Tubes, currem and rare. Xmtung and receiving 
Meters, vials, HV capacitors. Power, IT transformers 
Antiques Government mNilary surplus. 40 year accumu 
lalion SASE lor lief Grkgae, 10137 Prospect, Chicago. IL 
00043 

ANTENNA. AH ham bands (80 thru T0j $25 postpaid 
U S A tCA residents add *i 50 safes lax) Rudy Piak. P O 
Box 966. San Marcos, CA 92069 


Your 

Most Called Numbers 

with a 

gle Key Punch! 

Now you can dial up to 18 complete 7 or 
8-digit phone numbers by punching only 
one (or I wo) keys on your pad 
The AD- 1 AljIo Dialer s 10 number capacity 
RAM can be completely programmed from 
its own pad m loss than a minute 
The o phonal held - installable I actory-prog rammed 
PROM adds 8 more numbers for $4 95 
The AD 1 is ideal for mobile autopatches, 
home or business use It lea lures a 
unique MOS microprocessor which 
permits both lone duration and spacing 
(o be programmed along with the num 
bers. adding versatility for repeater or 
similar control tun chons Its crystal controlled 
tone generator assures high slability over 
a wide temperature range The AD 1 ls fully 
automatic and foolproof in operation Coil cord 
provides convenient connection to your rig Suggested 
Amateur not price $129 95 A PROM order card is 

packed with each AD 1 

The AD lAuto Dialer is available at the 
finest amateur radio dealers and 
distributors everywhere 


Advanced Electronic Applications, Inc. pd bo* 2100 , Lynnwood wash^onaeooe 


Practical experience with 
Superior Quality Materials 
and Construction that's... 

TOWER 


ROWER 


ii 

f 



» 

N 

II 

n 


PARTS BONANZA 

BC-191 / BC-375 TRANSMITTER 

TUNING UNITS 



i 


ii 


Dial, a right angle Drive 


We have these Plug-In 
Tuner* available once 
agate — as an excellent 
source ol hard-to-find 
radio pans Each in 
eludes a 2V>" Vernier 
three 100 Wall Variable 


Capacitors (except T LI-261 Mica Capacitors, Coils 
ceramic Band Switches and more All are unused 
Listing ol parts for each available with SASE 
9 x 17 x TVr Sri Wt tB Ids 
TU-56. sbi>0 3000Khi S12« *TU-6B, 3000 4500 S12» 
TU-7B, 4500 6700 19™ * TU-lflB, tOOQQ-IZSQQ 
TU'268, 700 500 SB** • ALL Puces I 0 B Lima Oh 
Use your VISA HAC or Master Charge card' 
Send lor our FREE Surplus Electronics Catalog WS 78 
Address Dept HR ■ Phane 419/227-6573 


Tristso isn't just a trade name... 
it's a man called Lou. and he F s 
been designing towers for hams 
all his life*.,the pioneer* That's 
why Tristao towers above all. 
And because he knows hams, he 
engineers quality at prices you 
can afford. From Mini-Masts to 
the giants, it's TOWER POWER 
all the way with Tristao. 

WRITE RIGHT NOW FOR 
FULL SPECS and dealer nearest 
you, PROMPT DELIVERY* 




RISTAO TOWER 


* V 

H 

n 


Division of Palmer Industries, Inc 

415 E. 5th St. - P.O. Box 115 
Hanford* CA 93230 / Ph * 12091582-9016 


Don't be absurd, buy a BIRD! 
* * * from your Bird distributor 


MODEL 

43 



$120 


f.iT 5" 

W 

ALL ITEMS AND ELEMENTS 
ORDINARILY W STOCK 

Prepaid Shipment in Continental USA Only 


Coming Events 

ALASKA ARRL Convention, Anchorage August 26. 27 
Wr11 €i ARRL Alaska Convention 78. Anchorage ARC, PO 
Box 1907, Anchorage. AK 99510. 

WIMU (Wyoming. Idaho, Montana, Utah) The 46th Annual 
WIMU Hamfest is scheduled for August 4. 5, and 6, 1978 
at Mack's Inn, Idaho, 25 miles South of West 
Yellowstone, Montana Talk-in 146.34/94 and 3935. Ad¬ 
vance registration $6 00 for adults and 12 00 for 
children, before July 251 h, 1978. Lai bj 1 regular registra¬ 
tion *7.00 and S2.50 SPECIAL PRIZE DRAWING FOR 
PRE-REGISTRATION. Please send pre- regie (rat ion to 
WIMU Hamlest, 3645 Vaughn Street. Idaho Fans, Idaho 
83401 Phone (208} 522 9568 

ANNUAL TEXAS VHF FM SOCIETY SUMMER CONVEN¬ 
TION, hosted by (he Houston Echo Society, August 4. 5, 
6,1978 si the Galleria Plaza Hotel off interstate Loop 610 
at West he i me r Road MicroproeeasorsJmiCrocomputers, 
hidden transmitter hunl. OSCAR communications, VHF- 
FM activities. ARRL A FCC (arums, open hospitality 
suite, ladies' activities. A strode me-As fro world tours for 
the kids. Exhibitors, and prizes Saturday night banquet 
featuring Sill Tynan, W3XO, editor of GSTs World 
Above 50 MHz", as guest speaker. For information and 
reservations write FM Society Summer Convention. P 0 
Box 717, Tombali, Texas 77375. 

EYEBALL WITH FRIENDS July 16 Tri Club Ham test — 
Talk in .347.94 A .52 Lookers 12 Sellers S3 — Police Pistol 
Range Allentown — Information SASE K3AI, Ri 
Emmaus, Pennsylvania 18049 

AMATEUR COMPUTING 78. WASHINGTON, DC, July 
22-23. Sheraton National Hole!, Columbia Pike and 
Washington Blvd.. Arlington, VA Registration al door £5 
Talk In 147,81/21 AMRAD, PO Box 682. McLean. VA 
22101 , 

VHF/UKF ANTENNA MEASURING CONTEST and free 
flea market July 23rd, 10:00 AM at Trenton State College, 
Trenton* Nj Comaet K2UYH or WA2Z2F 

BYTE, Drink and be merry el the Tidewater Hamfosi, Flea 
Market and Computer Show, Norfolk. Virginia 
September 23 24 Over 60,000 sq fl of ethlbil and flea 
market space All Indoors All alncondllionodL Write 
TRCI, P.O. Box 9371, Norfolk, Virginia 23505. 

























FREQ OUT. 



lOO Hz to 50 MHz. 

* 


Introducing CSC s new 
Mini Max It brings down the 
cost of counting up the frequency 
forCB-ers. hams, computer enthu¬ 
siasts audiophiles |ust about any engineer lech- 
mcian or hobbyist will find it indispensable 
Its mini sized, too a pocketable 3x6x V / 2 inches 
But when it comes to performance. Mini Max 
means maximum value Measuring signals as low as 
30 mV from 100 Hz to a guaranteed 50 MHz. with 
± 3 ppm timebase accuracy and better than 0 2 
ppnV°C stability from 0 to 50°C Completely 
automatically Advanced LSI circuitry with a crystal 
controlled timebase provides precise Irequency 
readmgson a bright six digit LED display, with 
automatic KHz/MHz indications Mini Max is versatile, 
too You can connect it directly to the circuit under 


test, or use its matching mini antenna for easy RF 
checking rither way liie input is protected against 
overload to 50V (100V below l KHz). 

Mini Max is as inexpensive lo use as it is to own 
An ordinary 9 volt alkaline battery gives up to 8 hours 
of intermittent operation, and you have the flexibility of 
a battery eliminator for AC operation For increased 
versatility, there s a complete line of accessories, 
including standard clip-lead cable and mini antenna 
- eliminator and carrying case are opiu mat 

CSC s new. all American made Mini Max is 
everything you need for highly-accurate checking 
of frequencies up to 50 MHz Al a price that will Freq 
you out Order toda y Call 203 624-3103. 9a m. - 
5p m Easlem Standard Time Major credit cards 
accepted Or see your CSC dealer Prices slightly 
higher outside USA 


CONIINENIAl SPECIALTIES CORPORATION 



* Manufacturer s suggested reiail puce 
& 1978 continental S P& naj i ies (,or poraii on 


70 F ullon Terrace* Box 1943, New Haven, CT 06509, 203 624-3103 )WX 7t0 465 1227 
WEST COAST 3bi California Si. San Francisco, CA 94104, 415-421-8672 TWX 910-372-7992 
GREAT BRITAIN CSC UK LTD, Spur Road North FellKam Trading Estate. Feltham Middlesex. England. 01 890-0782 Ini l Telex 65t 681 3669 

CANADA Len Finkler Lfd, Ontario 











PARTS !! 


flea market 


AIR VARIABLE CAPACITORS 


THE 1 STH ANNUAL INTERNATIONAL HAMFEST Mill be 
held July Blh and 9lh on the Canadian side at the Interna¬ 
tional Peace Gardens All hams and interested persons 
are invited to attend. 


FOX RIVER RADIO LEAGUE HAMFEST New Location 
Indoors — Kane Co. Fairgrounds, St Chades. IL. — 
Sunday, August 27lh Tickets: 12 00 at gale — $1 50 
advance Contact Don Berridge WB9PAC, 2303 Doer 
field Way Geneva, IL 60134, 


JUKE - JULY SPECIALS 
"While They Lust" 

TUBES*- Many types 3n stock 

6JS6C $5,50 6146A S6.25 
572B $29.00 61460 $6,75 

EIMAC POWER TUBES IN STOCK 
Send SASE for free list of tubes. 

AMPHE NOL CONNECTORS PU59(UHF) 79£ 
UG21B/J(NT Tl.99 UGB8/U(BNC}99c 

WI LSON WR5 00 ROTOR — $89.95 

ROTOR CABL E--1 Sc per ft(Bconductor) 

$7,60 ea. 

TELETYP_E_ PAPER/TAPE- -$1{L 00/case 
USED EQUIPMENT 

R390 $375.00 R390A $396,00 

Send SASE for used equipment list- 

Please allow for 
shipping charges, 
hi residents add 5 
sales tax. 


MANSFIELD, Fa The Tinge County PA ARC Hamfeat 
will be held Saturday. August 26tn starting at 9.00 AM at 
the Tioga Co. Fairgrounds on Rt 6 between We Ns boro 
and Mansfield PA The $2 admission is good lor all 
special programs and Ihe XYL and Children are tree In 
aodlitlon to the usual Flee Market and displays a dingo 
iable and other Hems ol interest will be available tor the 
ladies and the PA Grand Canyon is within a short 
distance Talk in on I9f79, 52Sim and CBS For more in¬ 
formation write lo Denny Vorhees, WA3FWQ, RD §2 - 
8o* tt7A, MHfartan, PA Tfi&36 


Can 

Provide 


DRAKES 
Exciting 
NEW TR7 

Amateur Radio 
needs! 

WB8SBL and WN9ANF 
serving you with ... 

Ameco • ASP • Atlas 
Belden * Bird • CDE • OR 
CES • Collins • Cushcraft 
Dentron ♦ Drake • HAL 
Hy-Gain • loom * KLM 
Kenwood • Larsen • MFJ 
Midland • Mosley • NPC 
Newtronics • Nye 
Regency • Shore • Swan 
Standard • TPL • Tempo 
Ten-Tec • Wilson * Yaesu 


WASHINGTON Fourth Annual Spokane Manifest Satur 
day, August 12th and Sunday, August 13th, Eastern 
Washing ion University, Cheney Microwave seminar, 
PJanetaowm shows, activities tor ladles Exhibits A Flea 
Market Proreg si rail on prize 60' Rohn 25 lower Main 
prize ICOM 22S Two-meter Ira Deceiver. Ladies prize 
Microwave oven Other prizes and rallies Dorm housing 
and camper space available. P re registration — 19. QQ per 
person includes both days & Banquet Saturday night. 
For information write: Spokane Hamfest. P O Box 3606. 
Spokane. Washington 99220. 


MUFFIN FANS 


PENNSYLVANIA: Td-Club H*mt«L Sunday, July 16 
6:00 AM Allentown Police Academy, Lehigh Parkway 
South, Allentown Lookers: $2 00, Sellers. $3.00 
Refreshments Dour Prizes Bring tables and power Talk 
In 34/94 6 52. Local repealers UV 70, open auto patch 
145/745. Details SASE F J Herman, K3AI, R V Box 104, 
Emmaus. PA 18IM9 


Amateur Radio Center 
tl S Morris. Mesa, A2 852Q2 


CHARLES TOW NE HAMFEST July 69. 1976 Gaillard 
Municipal Auditorium, 77 Calhoun Sheet Door a open at 
6:00 AM. $3 00 per table par day. FCC Exams on Saturday 
8:00 AM. Talk in Frequency 34/94 YL Activities planned 
Social Room Saturday mghi ai 7 30 a( the GaiRard 
Municipal Auditorium Hamlest registration required lor 
entry — S3 DO Free refreshments P O Bo* 4555, 
Charleston. South Carolina 29405. 


with the new MVD-1000 
MORSE VIDEO DISPLAY 


VIRGINIA: Amateur Computing 76 microcomputer 
festival July 22 23 Sheraton National Motor Hotel, Cot 
umbra Pike and Washington Blvd , Arlington Regisira 
hon Door — $5 GO! 2 day a Advance M .00. Spouse and 
Children tree Saturday night banquet, $14.00 Advance: 
IT 2. 00 per parson Sends checks to AM RAD, P.0 Bojt 
662, McLean. VA 22101 


* l n|oy Morse Code copy on your TV 
screen 

- Displays letters, numbers, and 
punctuation 

- 16 hncs uf \2 Characters per page 

* 2 page display with Recall feature 

* Automatic scrolling 

* Automatic or Manual speed control 

* Copy Morse Code from b-60 WPM 

* Family connect* between receiver and 
TV set 

Write for more information 

MK,1 Memory Keyer $169.95 

CMOS PCB Keyer $24.95 

DGM ELECTRONICS 

787 BRIAR LANE, BELOIT, WI5, 53511 


T Guhy 


INDIANA: Wabash Valiev ARA, 32nd annual Turkey Run 
Hamleal Vigo County Fairgrounds mile south 1-70 on 
U.S 41 Overmen! campers ONLY open Saturday, July 
15, 12 noon tsl Public, Sunday, Juiy 18, 6 00 AM Free 
outdoor Flea Market, covered $3 00. XYL Bingo 
Refreshments Shopping mall nearby Advance tickets 
St 50 4 for $5 00 Gate: $2 00, 3 Tor $5 00 Under 12 free 
For ttckms and informal ion SASE to WVAHA Hamfcmt, 
P.0 9u* BL Terre Haute. IN 4760B 


Devon 


TEN TEN INTERNATIONAL NET SUMMER QSO PARTY 

Siaris 0000 GMT July 15 1978 Ends 2400 GMT July 16, 
197B Open lq all amateurs but only members eligible for 
awards All contacts TO be made on 10 meters, any mode, 
a si align to be counted only once Exchange Name, 
QTH, 10-10 number (Bn sum to log date and time of each 
contact I Scoring i poinl for each comae t. add 1 point il 
with a member Maximum 2 points No multipliers Give 
the name ai your Chapter Awards 1st and 2nd place cut 
ti flc ate a lo each U.S Disl , KL7. KH6 and U-S Pacific 
Islands: VE dims Central America and Caribbean; 
South America, Europe, Africa and S Atlantic, Asia. 
Australia, New Zealand and 5 Pacific Members only 
Send log lo Grace Dunlap, K5MRU, Box O. Rand, Color¬ 
ado B0473, nolaier than August 30, 1978 Results will be 
published m (he Net Fail Bulletin 


ERICKSON ▼ 
5935 MILWAUKEE 


foster 


Inexpensive multi 
tone encoder 
Compatible with 
PL-CG-QC 
Low distort bn I 

sinewave 
Input 8-18 VDC 
unregulated 
Rugged, plastic 
encased with 
leads 

Adjustable frequency 

f9S*25Q HjJ, Lower 

available 

Excellent stability 
Send for more Info 


Hour* 9 38-5.30 Mon Tucs . Wad 6 Fn 
9 30-9 00 Thurs \m 

9 DU 3 013 Sal. I\fi 


VHF SPACE NET CONTEST From 6PM Saturday, July 
15th to 9PM Sunday, July 16th, local limes This even! 
Commemorales the 91 h Anniversary of Apollo eleven, 
Man's Flrgl Landing and Walk on the Moon Activity will 
be on 50, 144 220 mHz etc., in all modes, EXCEPT 
REPEATERS Categories Class l, 10 lo 500 watts, Class 
2, 26 10 i00 watls; Class 3. 5 to 25 wails. Class 4, t to 5 
watts; Class 5, C W only, with any power, Class 6, XYL 
only, with any power Class 7, Club participation For 
more info, write VHF Space Center, MAWS. Box 15, 
Sumiorvilki FL 33585 SPECIAL BONUS SURPRISE FOR 
ALL STATIONS WORKING SPACE NET CENTER 


Price $19.95 


ERICKSON w 
COMMUNICATIONS 

5935 N Milwaukee Ave 
Chicago, IL 60646 
(312) 631-5181 


Freq. set at 
factory 
$5.00 extra 









P9 Kit 112.95 
P14 Wired J34.95 

Deluxe vhf model for app¬ 
lication* where ipoce permit 


■ M/2 k 3 ,h * Cover* any 4 MHz band *12 Vdc 
•Ideal for OSCAR *Diode protection *2Qd0 gain 

MODEL RANGE 

P9-LQ 26-88 MHz 

P9-HI 88-T72 MHz 

P9-220 T72-230 MHz 

PI4 Wired Give exact band 


• Coven any 4 MHz hand 

• 20d8 gain *12 Vdc ]/2 * 2-3/8 

MODEL RANGE 

P8-LO 20-83 MHz 

P8-HI 83-190 MHz 

P8-220 220-230 MHz 

P16 Wired Give exact bond 


PI5 Kit $18-95 
P35 Wired $34.95 

• Covers any 6 MHz band in 
UHL ranr^e of 380-520 MHz 

• 20 dB gain * Low none 


FAMOUS HAMTRONICS PREAMPS 
let you hear the weak ones! 


Great for OSCAR, SSB, FM, ATV, Over 10,000 in 
ole throughout the world on all type* of receiver!* 


AT LAST! A 2 METER SSB 

TRANSVERTER 

At a price you can afford 


Use inexpensive recycled 10 or II meter ssb exciter on 2 meters. 




FEATURES: 

• Linear Converter for SSB, CW, FM, etc, 

• A fraction of the price of other units 

• 2W p^e.p, output with 5 MW of drive 

• Use low power lop on rxcitm or attenuator pad 

• Envy to align with built-in tell points 

VX2-I J TRANSVERTER KIT $59*95 

A 25 Optional Cabinet for XvefteriPA $20 


Frequency Schemes Available. 

VX2-4 28-30 - 144-146 Other frequency 

VX2-5 28-29 145-146 □ range* ovai lob!* 

VX2”6 26-28 1 44-146 on special order 


2M LINEAR POWER AMPLIFIERS: 

LPA 2*15 Kit ISWp.o.p. $69,95 
LPA 2-70 Kit 7QW P .e. P . $139,95 


New VHF&UHF Converter Kits 


let you receive OSCAR signals and other exciting 
SSB, CW,& FM activity on your present HF receiver. 


either one 

ONLY $34.95 

inc hiding Cfylial 


FM CW TRANSMITTER KITS 


BUILD UP YOUR OWN GEAR FOR OSCAR CW 
OPERATION, FM REPEATERS, CONTROL LINKS 
• HofeisionoJ Sounding Audio *Free of Spurs 
•Completffly Stable *Built"in Testing Aidi 


140 11 Channel 200 MW Exciter Kit for 2M or 
6M bond,,,,*.,**»*,* . S39*95 

T2Q Triphtr/Dfiver Kii. Uu* wilh T40 lor operation 
on 432-450 MHz bond.,. $19,95 


frf rvffTffffrrrrr 

TS0 RF POWER AMPLIFIER MODULES FOR ABOVE 

• No tuning *VSWR Protected • Wired and Tested 

• Ratfd for Continuous Duty - Great lot Repeaters 

Tao-isa 140-175 MHz, 20-2SW output $79,95 
T80-450t 430-470 MHz, l3-15Wout P ut $79.95 


MODEL 

RF RANGE (MHZ) 

l-F RAN 

C50 

50-52 

28-30 

Cl 44 

144-146 

28-30 

Cl 45 

145-147 (OSCAR) 

28-30 

Cl 46 

346-148 

28-30 

C1I0 

Ai rcraft 

28-30 

C220 

220 band 

28-30 

Specie 1 

Other i-f & rf range! aval fort 


VHF/UHF FM RCVR KITS 


* NEW GENERATION RECEIVERS 

* MORE SENSITIVE *MOR£ SELECTIVE <70 or lOOdBi 

* COMMERCIAL GRADE DESIGN 

* EASY TO ALIGN WITH BUILT-IN TEST CKTS 

* LOWER OVERALL COST THAN EVER BEFORE 


MODEL RF RANGE (MHZ) f-F RANGE 

C432-2 432-434 28-30 

C 432-5 435-437 (OSCAR) 28~3Q 

C432-7 427,25 61,25 

C432-9 439,25 61,25 

Special Other i *f & rf ranges aval lobfe 


A9 Extruded Alum Cose/Connectori $12,95 


* FREE 1978 CATALOG* 

40 PAGE CATALOG IS YOURS FOR THE ASKING! 


IT'S EASY TO ORDER! 

OCALL OR WRITE HOW FOR Flit 
CATALOG OR TO PLACE ORDER I 

Q PHONE 7 16-663-92 54, (Answering 
service evening* and weekend! for your con¬ 
venience, Personal wrvfce 9-5 eaihern time,) 

OUsp credit card, c . a . d , , check, m,o, 
OAdd $2.00 j b 1 p p i n g & handling. 


IN CANADA, *end to Comtec; 5605 WeHluke Av*) 
Montreal, Gue H4W 2N3 or phone 514-482-2640, 
Add 28% ta caver duty, tax, and exchange rate. 


hamlronics, me. 


1S2-C Belmont Rd; Roc he iter, NY 14612 



























There’s ■ 

nothing f 
like it ■ 

RADIO AMATEUR III 

callboo 


Respected worldwide as 
the only complete authority 
for radio amateur 
QSL and QTH information. 


The U.S. Callbook has over 
300,000 W & K listings. It lists 
calls, license classes, names 
and addresses plus the many 
valuable back-up charts and 
references you come to ex¬ 
pect from the Cal I book. 

Specialize in DX? Then you're 
looking for the Foreign Call- 
book with almost 300.000 
calls, names and addresses of 
amateurs outside of the USA. 

U.S. Callbook $14.95 
Foreign Callbook $13.95 


Order from your favorite electron¬ 
ics dealer or direct from the pub¬ 
lisher, AM direct orders add SI.50 for 
shipping. Illinois residents add 5% 
Sales T ax. 


RADIO AMATEUR 


& 


llbook 


INC 


Dept, e 925 Sherwood Drive 
Lake Bluff. Ill 60044 


flea market 

Washington state: first annual 7 land oso 

PARTY sponsored by NAS Whidbey Island A R.C. from 
1 2002 July 1st so 2400Z July 2nd 1978 for single- and 
multi-operator, single transmitter si at ions Objeci to 
work as many 7-iand WfVE staliong. as poBsibin in 30 oul 
of 36 hours For more information, wrrto Bill Gosney, 
WR7BFK, 4471 40th N.E Street. Oak Harbor, 
Washington 90277. 

HAMFFSTERS 4-IT H ANNUAL PICNIC AND KAMFEST. 

Sunday. August 13. 1976 al Santa Fe Park, 91 SI and Woll 
Road Willow Springs, Illinois. Southwest suburb of 
Chicago. Exhibits for OM's and KYL’s, FAMOUS SWAP 
PERS ROW Tickets at gain $2 00, Advance $1 50 For 
Hamlugt into or Advance Tickets tsend check or money 
order — SASE appreciated) to Bob Hayes W9KXW. 
18931 Cedar Avo , Country Club Hlils, IL 60477 

OHIO — Wood County 141h annual Ham-A Rama Sun¬ 
day, July 16, Fairgrounds. Bowling Green ofi 1-75. 1Q:0Q 
AM Admission/parking free Tables S3 00 or 6 ti space 
$2 00 Advance — dealers only Tickets $1 50 anvamce 
— $2 00 door Mom prUe and doar prues K8TIH talk-in 
146 52 simplex Wnle: Wood County ARC, Erick WHIman, 
141 te Bishop Rd . Bowling Green, OH 43402 


MISSOURI: Indian Foothills ARC Third Annual Hamfesi, 
Sunday, July 23, 1978 at Saline Counly Fairground. Mar¬ 
shall Regislmlion $2.00 advance $2 50 door Refresh¬ 
ments. Flea Markets for the OM and XYL, Tables tor a 
small charge For informahon and advance tickets con 
tact Jim Little. WC4BPG, 4Q5 East Rosehld, Marshall, 
Missouri 65340 *816) 886 8583 

ILLINOIS: The Big Thunder H*m1est, July 30, 1978, 
Boone County Fairgrounds. Beivfdeffi 8:00 AM and 3:00 
PM Tickets $i 50 advance. $2.00 gate Campers $2 00 
additional Talk In on 94 simplex. Write (o Mike Gnorge 
K90RU, 6159 Broadview Ave . Belvidare, IL 61008 


OHIO: NOAR5FESY — Saturday. July 6. Lorain County 
Fairgrounds, Wellington Prices ft lack top pert flea 
market area $1 00 per space Tickets. $1.50 (belurtr July 
1j. $2.00 at gale. Into £ Tickets: NOARSFEST, P.O. Box 
354, Lorain, OH 44052. Direc lions 146 1Of70 Mobile 
check in tor prizes T4G.52 


OHIO Kent Stab? Salnm hamf&at July 23. 1976 Main 
door prize: Ten Tec #540 transceiver Hot air balloon 
ramp tor wheelchairs, hen parking Wives and children 
undnr 12 Iren Recreahon facltilies XYL drawing. Open 9 
AM, Main drawing 3 Pm Admission $200 heamarkei 
$100, tables $5 00 Talk-in U6.10/70 info WSJ PG, 
147 27 Milhoan Electronics, 1126 W Stale St , Salem, 
Ohio 44460 (216} 337-9275 

ILLINOIS: The Sangamon Valley Radio Club of Spring 
field. Third Annual Hamleef Sunday, Sep I ember 24th, 
Sangamon County Fairgrounds in New Berlin, 16 miles 
west of Springfield. Hear Hugh Vandegrift WA4VYM6 talk 
on ihe Chpperton DXpadmonl various exhibits, kids 
activities and food Camping First Po;e - Ben real 210, 
Tickels: $1.50 advance, 12 00 at gate information — Al 
K9QFR: Tickets Carole WB90WR, write C/O 1025 S 
Sixth. Springfield. Illinois 62703 

INDIANA Indianapolis Hamfest, Sunday. July 9. 600 
AM — 4 30 PM, Marion County Fairgrounds. Commercial 
Exhibiting. Flea Market, Camping wilh hookups Wnle 
— Indianapolis H.imfest, F O Box 1002, Indianapolis, IN 
46206 

RHODE ISLAND OSO PARTY Two periods (GMT) Sat 
July 22 1700 — 0500 Sun July 23, Sun July 23 1300 — 
Of00 Mon July 24 Sponsored by Ihe East Say Amateur 
Wireless Association R I Stations work olhur R 1. Sta 
lions and ihe rest o! the world Others work ft L Slallana 
Tht same stalion may be worked once per band and 
mode Exchange Send RSiT). QTH, County for R I, sia- 
[ions. Stale. Province or Country for All Others. CW: T610. 
3550. 3710. 7050, 7110, t4050, 21050, 21110. 28050, 
26110. Phone 3920, 7260. 14300, 21360. 28600 , 50 3, 
145.1. Use of FM simplest is encouraged. iNo repeaters} 
For more Info, write: East Bay Amateur Wireless 
Association. P 0 Bolt 392, Warren, Rhode Island 02685 
include $A$E for results. 


MARYLAND Hamfosi, Baltimore Ft.A TV Soc. Sunday. 
July 30. 8.00 AM — Howard Counly Fairgrounds. Rt. 144. 
15 mi wesl of Baltimore. Oft I 7D££ RE 32. Tuckets $2. 
Tailgating $2, Tables — Advance $3, Door $4 Prizes. 
Flea Market. Refreshments, Contests Talk in 146 16/76, 
147.63/03. 146 52. 52 525 XYL 3 A under 12 Free Write 
BRATS, Box 5915, Baltimore, MD 21206 

PENNSYLVANIA: Two Rivers ARC 14|h Annual Hamfnei 
July 23 Green Valley Fire Department Fairgrounds oft 
(JS Route 30 near E McKeesport Fiua Markel For infor¬ 
mation: Andrew Salltros, W30FM, 2901 Stewart St . 
McKeesport. PA 15132 


r 


THIS IS IT 



MODEL 4431 THRU LINE* 

RF DIRECTIONAL WATTMETER 
with VARIABLE RF 
SIGNAL SAMPLER - BUILT IN 


HUT HPH17LD 


i\ii\i\ 


P15TRIDUTDH 


I Webster I 

associates 

115 BELLARMtNE 
ROCHESTER, Mi 48063 
CALL TOLL FREE 
800 - 521-2333 
IN MICHIGAN 313 - 375 0420 


MILITARY 

SURPLUS WANTED 

Space buys more and pays more High¬ 
est puces ever on US Military sur¬ 
plus ©specialty on Collins equipment 
or parts We pay rieighi Call collect 
now tor our high oiler 201 -140 8787 
SPACE ELECTRONICS CO 
diy pi Military Electronics Cort 

35 Rula Court S Hackensack. N j 07606 


K-ENTERPRISES 

Frequency Counter $ 

Prt scales 
Marker A Peaking 
Generators 

Wrilp for Free Catalog 

Box 410 (Pump Sta. Rd f Fafriand, OK 74343 
Phone- 918-676-3752 


Power Supplies 

Amplifier 

Frequency 

Sbindardv 



CENTRAL NEW YORK'S FASTEST 


GROWING HAM DEALER 




ICOM IC 211 


Featuring - Yaesu. iCOM. Drake. Altai. Den- 
Tron, Ten Tec, Swan, Regency, Standard, 
Tempo, KLM. My.Gain, Mosley, Larsen, 
Midland, Wilson, Southwest Tech Products, 
We service twrything we sell! Write or caft lor 
E|UQir YOU WON T BE DISAPPOINTED, 

We are just n tew minute* off Ihe 
Qfmo ny$ 1 hruway (1-903 * Exit 32. 


RADIO WORLD 


ONEIDA COUNTY AIRPORT 
Warren TERMINAL BUILDING Bob 

K2tXN ORlSKANY, NY 13424 WA2M5H 

315*137*2622 



124 


july 1978 


More Details? CHECK OFF Page 142 













H you've got a calling lor far-reach¬ 
ing action ( have wc gut a number 
for you! 

Swan's 4010V: precision engi¬ 
neered for 40-2045-10 meters. 




* fm jjn i sn 



Miiou \u 


With slim-line traps* this 4-band 
vertical offers advanced light¬ 
weight construction with heavy 
we ig h t peri 1 t mi a nee 

4010Vs fine-tuned to handle 
2000 PEP, With a typical VSWR ol 
1.5:1 at resonance. 

Powerfully designed - yet power¬ 
fully simple to set up. 

No-hassle installation. The 2 T 
vertical comes in short, easy to 
assemble lengths. Complete with 
mounting hardware. You're up 
and running in record time. 

Expandable too. No trick at all 
lo stretch your reach into 75 
meters, with the optional Swan 
75 AK Kit. 

Just $79.95 for an outstanding 
4-band trap vertical, the 4010V 


(and $59.95 for the 75-meter add¬ 
on kit), at your Swan dealer. 

And by all means, use your Swan 
Credit Card. 



I'k-MM.- nr4i lull Un Swan % 


I [ j 4010V 4 band imp vcrltcal unumiia I 

□ 75 AK 7> iiiotL-j Km , 

f I 

I S.MIH' I 

i 

I Address I 

I I 

j i Il v I 

i t 

i Stare -Zip ■ 

t i 

FRIiKi rctsimullwjd t-ulMencr plaque I 

2 1 ff x 4* wit h Miiiid. | 

imcharge I 

Q Please send m> I 

plaque imprinted \ 

wilh my viutic>n cal] . 


Ham 7/7S | 


.j i ubit l \ m-pftral ti>n 

305 Airport Ruud, Oceanside, t A 92054 

SvwtH v uinhimt)!)! tiitmnn intril li> t*rc KtStl-c I mtpruuc-mrilE 
itauv .ilfaui spentM'iil nms .md price-. wiltunM nunci' 










































BIG REGENCY 
FM CLOSEOUT 

Don’t pass up the Savings! 


EankAmehohd 


AMATEUR 

ELECTRONIC SUPPLY® 

4828 West Fond du Lac Avenue 
Milwaukee, Wisconsin 53216 
Phone (414) 442-4200 
BRANCH STORES: 

28940 Euclid A««nu«; Wlckliff*. Ohio 44092 
Phoiw: (216) 585-73B8 
621 Commonwtilth Avr: Oriintfo, Fla, 32803 
Phone: (305} 894-3238 

Note Branch Stores are set-up to handle Walk rn 
business or telephone orders only They ao no I have 
f&ciiilies to respond to wrriten inquiries 


Write for FREE 

1978 CATALOG 


HR-312 2m FM Xcvr 3Qw 12th T/R w/ 94, 

mic & ml (Reg $?69) CLOSEOUT 1169 00 

HR-6 6m FM Xtvr 25w 12 ch I/R w/52 525, 

mic 8 ml (Reg 5239) CLOSEOUT 1149.00 

HR-220 220 MHl FM Xcvr 12 Ch T/R w/223 5. 
mic fimt (Reg 5239) CLOSEOUT U49 00 

HR 440 440 MH; FM Xcvr lOw, I2chw/ 446 Q. 

mic A mi (Reg $3491 CLOSEOUT 1249.00 

AR-2 2m FM Power Amplifier 13 8vdc 9 A max 
5db power gam 10 to 25w input for 32 to 80w out 
pul (Reg 51191 CLOSEOUT 599 00 

HRT 2 Basic 2m FM Hand Held Xcvr 2 cr Iw. 5 ch 
w/94 cryslals Whip antenna No other accesso 
ries (Reg 5179) CLOSEOUT 399 00 

HRT 2 Deluxe. As above, bul includes Nicad Bat 
lery Chargei, flexible Antenna External 
Microphone Earphone. Case and DC Cord with plug 
(Reg $2951 CLOSEOUT 5195 00 

All NEW - Full Warranty! 

Extra crystal* tor 2/6m * 55.00 each, 220/440 
MHz -510.00 each. Quantities Limited - Order 
direct from this ad. Send Check, Money Order or 
use your Maitercharge or BankAmerkard (VISA). 
Allow 55 00 tor UPS shipping charges. 


flea market 


MONTANA: (niernaiionai Glacmr-WnTerton Hemfear July 
T5 end 16. Three forks Campground, tO mJleO E Of 
Essex, Mt. on U S. 2. 9:00 AM M5T for information: 
International Glacler-Walerton Ham last. P O Bo* 2225, 
Missoula, MT 5&B06 (406) 543-5033 

MASS: Northern Berkshire Hamlest July 8th and 9lh 
Cummlngton Fair Grounds, Gumminglon free over¬ 
night camping, tech talk A demos, dealers. Flea Market 
31 Admission 34 with spouse 36 Advanced S3 and 35. for 
into write WA1ZNE Hildy Sheer in, 89 Grey lock Terrace, 
Piltefleld, MA01201. 

OHIO: The Tuaco Radio Club and Canion ARC'S 4|h An 
nuai Hall ot Fame Ham feet. Stark County Fairgrounds. 
Canton Free display room tor manufacturers and dis¬ 
tributors of electronic equipment Regular gate charge 
free camping Write Mas Lebold, WA8SHP, Chairman, 
Hall of Fame Ham feat, Box 3, Sand yvl lie, OH 44671 
Phone: Business 21 6-821-5740 or home 216-866-3714. 

MICHIGAN: 30lfi Annual U P. Hamlest, Saturday, July 29 
and Sunday, July 30. Dickinson County Armory, on M-95 
Klngsford 9:00 AM Tlckels: $2 SO advance — 53.00 
door Saturday banquet 36 50 Reservations by July 1. 
Prizes galore Talk in 146.2EJ85 and 3922 For in formal ion 
write UPHAMFEST 76. Boa 2056. Klngsford, Ml 49801 

CORA MAM HOLIDAY ‘76 OKLAHOMA: Central 
Oklahoma Radio Amateurs will present Ham Holiday 78, 
July 28-29-30 Local Ion' Lincoln Plaza Forum, 4345 North 
Lincoln Boulevard, Oklahoma City. Pre-reglstralion 
before July 14 13 00. 5400 at door, Non-commercial flea 
market labtes FREE, Commercial Exhibitors contacl 
K5M9, (405) 787 9645 or 787-9292 Many prizes, special 
p re-regisl ration prize Mall pro regislrations to HAM 
HOLIDAY 78, P.O. Box 14604, Oklahoma Clly. OK 73113 

MICHIGAN: 3rd annual Straits Area Radio Club Swap 
and Shop. Saturday, August 5. Emmel County 
Fairgrounds, Charlevoix Avenue, Pol os key. 9 00 AM — 
3:00 PM Talk-in 146,52, Admission. $1.50. Food, prizes 
Campsites. SARC - W8I2S, Box 416, Pei si on. Ml 49769 

8TH 5-A.R.T.G WORLD-WIDE RTTY CONTEST 1976 We 
have the great pleasure to Invite you In join the Bth W/W 
RTTY Contest run by the Scandinavian Amaleur Radio 
Teletype Group 1: 0000-0800 GMT Sal Aug. 19; 2: 
1600-2400 GMT Sat Aug 19, 3: 0800 1600 GMT Sun Aug, 
20 Use all bands 3, 5, 7. 14, 2T, 28 MHz. a) Single 
Op era! or b| Mu Ih operator, single t ran am liter cj SWLs 
RS7 and QSO nr To Ihe lop stations In each class, eourv 
iry, WK, VE/VO and VK call die trie I For more Informs 
lion, write: OZ2CJ C.J. Jensen, Maisneragade 5. B900 
Renders, Denmark. 

THE ICHN MARAC t01h ANNUAL CONVENTION wilt be 
held July 6, 7 and 8 at She Holiday inn 4545 N. Lmdburg 
Bivd . Bridgeton, MO, This convention win involve 
Amaieur Radio operators from every pari ol the United 
Stales and several DX stations. AH sharing a common 
interest In county hunting and mobile operation. The 
election of MARAC officers, meetings, workshops and 
some most important social aclivilles will highlight this 
years convention. Of course Ihern will be prizes, and 
awards lo add spice to the festivities. Those interested 
fn attending this years convention can send for informa¬ 
tion to Convention Director Jim Glascock WGFF, 3416 
Manhalton Ave., St Louis, M063143. 

19TH ANNUAL NEW JERSEY QSO PARTY - July 29 
31. Contest is from 2000 UTC Saturday, July 29 to 0700 
UTC Sunday, July 30 and from 1300 UTC Sunday, July 30 
to O2O0 UTC Monday, July 31 For details on contest 
write Englewood Amaleur Radio Association. Inc., Posl 
Office Box 528, Englewood. New Jersey 07631 


Stolen Equipment 

STOLEN FROM AIRLINE BAGGAGE, probably either In 
Minnoiipnlis/Si Paul or San Francisco, Wilson WE-800 
s/n 1252161T with 10 white "no brand" Nl-Cad batteries 
inside, flex antenna wilh UHF ell connector and UHF lo 
BNC connector. Also homebuilt batiery charger with 723 
1C Mitt Nodacker, WA7TFE, Box 2 832, Pocatello, ID 
83201 

STOLEN EQUIPMENT 1 KLM ISO watt amplifier, no I O 
2 Black Healh 2036 with Micoder and several obvious 
modifications, hi low power selector on squelch knob, 
variable power on mlernaf potentiometer. RCA plug 
replaced with SQ-239, Social Security No 350-30-1717 
etched in foil on transmitter board Darrel Dor sett, 
K9JKZ, Kankakee Area Career Center, Ri 2, Road 1D0-W, 
BourbonnaIs. IL 60914 



COLLINS & MORE 

Ham Gear 

Coffins 1R051, Antenna tuner $325 

Collin* 5134 w/SS8 Mod, Ilk* new 5695 
Collins 312B4, 5ta. Cntl., rd., exc. 5250 
Collins 312B5, Vfo Console, vy gd $495 
Cnlhns 312B5. Vfo Console* new, arifj. box 

$795 

Coltins 32S3, Transmitter, rnd., exc. $850 

Collins 7553, Ham receiver, vy get $425 
Collins 25S3B, Ham receiver, vy Rd $695 
Collins 75A4. Ham receiver, vy gef $425 
Collins 51S1, 2-3QMHi revr Special 

Collins R-3B8/51J3 receiver, vy gd $425 

Hammarhjnd SP-500JX. .5-5QMMi revr 

$395 

Collins CP-1 Crystal Pack 
FREDERICKS: 

Model 1200 FSK demodulator ext 
Model 1250 vert- disp. unit, exc. 

Model 1500 HF receiver, exc. 

Model 1550 synthesizer, exc. 

Ratal 6217E, .5 30MH* receiver 
New R39QA receivers available 
quote* 

Test Gear 

Tektronix 422 portable scope, vy gd $795 
Tektronix 564 storage Scope w/2 plug ins 
& probes, vy gd $695 

Blue M temp, cent, water bath 3PB-10J 
Cl. new $250 

Measurements Mod. 65R. LF *ig, gen. $365 
Measurements 260A Q-meter, exc. $525 
Measurements Model BO. 2-400 MHz sig. 

gen* $350 

Tektronix 585A, scope, SO-MHz bandwidth 

$595 

W* stack good, uved equipment from Collins, 
Drake, Him Hi and oilier manufacturer!. Hundreds 
of lest Items aha available. Call for specific re¬ 
quirements, or 

write for free catalog* 

DAMES COMMUNICATION SYSTEMS 

201-998 4256 
10 SCHUYLER AVENUE 
NORTH ARLINGTON, N. J. 07032 


$495 
$475 
$795 
$895 
Special 
Call lor 


All equipment sold checked 
and realigned 


PCP' TYPE*!! 


urn 1 
hunt 


SEE POPULAR ELECTRONICS 
FEB '78 ISSUE! 


lltlLLT to It* uu lit* tuil III X MU Lulnl k*| ■*, k.I.cll, li.p 

■llllltl im'.'.dilt J 1 I id l#s 1 Em jIl* I* Ifrf 1 * *|il 
atltf I.C.L 1 j m I Uk.l I. iltHMI (IKIIHI Htilp 1 Mktii 

(Kits AvatuibJc i 

Small Pkg. 6pcs 4x6 $5.49 
Med.Pkg. 4pcs 6x9 $6.95 
Large Pkg. 3pcs 9x12 $7.95 


PCP 


rvimi Eiicmi riancii a 
PI III UH 
KLIH II !HI1 



TEm TOWERS offers wart- 
house-direct sales of amaieur 
radio anfennj syslem product 
— shipping directly to him* and 
dubs rvauoriwHje July Features 
America's best lower cuy. Consolidated hdt 6, w i«l with too 
and base seu»on $215 F08, HO itt (rated ai 66% of HD 16 
capacity) 60 tool $ 175 FOB heavy duty guy kN for 60 towers 
$39 50 New turn radio product panb-up guywJ mini rated 
l> 3 sq It antenna 40' J74 M 50* $84 5Q FOB TOWER 
GOODIES 3/16“ GaNaiwetJ aircraft guy cable 107IDO' — 
$75/1000 174* EHS guy cable $127100' - $%/tOOO', 

3/16" plated cable clamps 30g — $287100, 1/4" cable Cttfflps 
42y - $40/100. t/4 F ' Preformed deaaenas tguy wrapi li 65. 
Htavy duty guy insulators $1 iQ 370" eye/|aw galvanised 
lurncuckJes |5 50, l 2 " tumbuckles $6 75 F&B 5000 tl reels 
of guy cable - 3/16" 1300 MV $450 FOB CDF ROTORS 
00-44 $99 HAM III $118, Tail Twisloi $212 all podpari in 
Oommenlaf US CLU8S7 
GROUPS 75 sections 
HO 161799. rreigtil prepaid 
most stales easl nr Rockies 
Send 5A5E leu our latest 
price Hist and procucr 
jiifOnmalKHi 


EXAS 

OWERS 


Write TEXAS T0WFRS 
Gerald William son, K5GW 
113 Siarlhd Drive 
Piano, TX 75074 or oil 
214-423-2376 nrtei/wiakenilt 
















Now — the Industry’s First Truly 
SUPER KEYBOARD 



INFO-TECH M-300 
TRI-MODE KEYBOARD 

A microprocessor controlled keyboard 
that generates: Morse, RTTY, & ASCII. 


Morse Features: 


RTTY Features 

• 4to 125W.P.M. in 1 W.P.M. increments. • 4speeds 

• 9 adjustable weight levels • 2 shifts (170&850hz) 

• relay keying • built in AFSK 

• sidetone with tone and level adjustments • built in CWID 

• special keys: AS, BK, BT, AR, SK, CQ, DE • built in RY generation 

ASCII Features: 

• 110 & 300 Baud 

• 2 shifts (170 & 850 hz) 

Other Features: 

• Built in quick brown for generator on all modes 

• Automatic CR/LF 

• 700 Character Running Buffer 

• 10 recallable, user programmable message memories of 120 characters each 

• CQ & DE special keys on all modes 

• Keyboard control of all functions except shift & buffer control 

• 4 row keyboard eliminates figures/letters shifting on RTTY 

• Many more features. 

Best of all, only $425.00 F.O.B. Factory 


Order Direct or From These Dealers 


Advanced Electronics 

1249 W. King St. 

Cocoa, Florida 32922 
305-631-1190 

Cohoon Amateur Supply 

Highway 475 
Trenton, Ky. 42286 

Emona Electronics 

661 George St. 

Sidney, N.S.W. Australia 
212-4815 

Germantown Amateur Supply 

3202 Summer Ave. 

Memphis, Tenn. 38112 
800-238-6168 


Ham Radio Center 

8342 Olive Blvd. 

St. Louis, Mo. 63132 
800-325-3636 

G.Hutter-Kunststofftechnik 

Postfach 2129 
D-8990 Lindau (B) 

West Germany 

(Dealer for Germany, Austria, Switzerland) 

International Commercial Sales 

14 Pleasant View Drive 
Annawan, III. 61234 
309-935-6567 

Marcucci - SPA 

Via F, LLI-Bronzetti 
37-20129 

Milan, Italy P 


Mid Com Electronics, Inc. 

2506 South Brentwood Blvd. 
St. Louis, Mo. 63144 
314-961-9990 
N & G Distributors 
4545 N.W. 7th St. 

Miami, Florida 33126 
305-448-7530 

Universal Amateur Radio, Inc. 

1280 Aida Drive 
Reynoldsburg, Ohio 43068 
614-866-4267 


Visa & Master-Charge Accepted 


INFOTECH INCORPORATED 


Specializing in Digital Electronic Systems 


2349 Weldon Pkwy. St. Louis, Missouri 63141 Phone (314)576-5489 


july 1978 m 127 


More Details? CHECK-OFF Page 142 









f UJiiJ -a 

n n * 

o o * 

• ii nu* 


Stay in Touch 


TOUCH-TONE® 


UNIVERSAL 


The Data Signal TTP Sene* of keyboard encoders is used to 
generate the standard 12 or 16 DTMF digits. The encoders 
provide fully automatic transmitter keying and feature a 
delayed Transmit Ready light, an mterdigit timer, and a built' 
in audio monitor. Features also include ah solid-state, crystal 
controlled, digitally-synthewed tones and an optional internal 
mount Automatic Number Identifier (ANIL 
TTP1 (12'dlgit) $59.00 

TTP 2 (16-digit) 1&9.00 

MODEL DTM — Completely self-contained miniature encoder 
for handheld portables. Only b/lb" thick. Three wire con¬ 
nection. Automatic PTT keying optional. With your choice of 
key boards. Price DTM - $39.00, DTM-PTT - $49,00. 

•Touch-Tone is a registered trade name of AT&T. 


AUTOPATCH 


Ready to go 


SUB-MINIATURE ENCODERS 


A Complete Autnpateh facility that requires only a repealer 
and a telephone line, Features include single-digit access/ 
disconnect, direct dialing from mobile or hand-held radios, 
adjustable amplifiers for transmitter and telephone audio, and 
tone*burst transponder for acknowledgement of patch dis¬ 
connect, 

RAP-200 P. C. Card $199.50 

RAP-200R Rack Mount $249.50 


MODEL SME Smallest available Touch Tone Encoder. Thin 
only .05" fhick + keyboard mounts directly to front of hand 
held portable, while sub-miniature tone module fits inside 
This keyboard allows use of battery chargers. Price $29.00 
with your choice of keyboards. SME (less keyboard* $24.00 


DATA SIGNAL, INC 

2403 COMMERCE LANE 
ALBANY, GEORGIA 31707, 912 883 4703 


Be sure to as k aftouf 
out now keyers and CW 
memory tor CW butts . 


ETCETERA. ETCETERA! 

» 4 


StMTECH BRIDGES 
. He«t sink w/center hole 
mtg, 10 Amp — Tested —- 
200V P.I.V. $1,75 ea. ppd. 

400V P.I.V. $1.95 ea. ppd. 

600V P.I.V, $2.15 ea. ppd. 


SEMICONDUCTORS FOR THE 
EXPERIMENTER 

LM373 AMIFM/SSR IF detector (DIP) 

! M'ltHi SquaraMriangic oscillator (mimdipj 
LM5S7 PU. lc.no decoder inidlp) 
u*706 Din audio powar amp 
FETt Qua i njfe~i. VHF/UHF amp. 
packace 

F£T'2 NJFE t VH F/UHF amp aim 1 1 a m o 
to ZN441G 

G10 J Power (ra n ua I or (oq u it 2 N3055} 


SOMETHINQ TO MAKE LIFE EAST: Wo carry 
AP leal clips for both 14 pm and 16 pin ICs. Gold 
pm I mi wiping action; sturdy pins for scope probes, 
also •flfnrtvri lG$ Horn sockela without damage 
Model TC-H [14 pin]: S4 SO; Model TC Ift (IS pin*: 
14.75 Wc ft I so carry too A C E 201K brtadboardlng 
kit (with 1.032 fiprderless piug-m he point eapaeiiy) 
for Only 124.95 


25 AMP 
200V P.I.V. 
400V P.I.V. 
600V P.I.V. 


-■.; CARBON TRIMMERS 

if V’ Miniature l A watt units, PC 
I Br type. Values: 200, 700, 1000* 
1.5 k, 250K f 700K 

i 30c ea. or 5/$!.35 ppd. 

NEW SIZES — VERTICAL MOUNT 
PC BOARD POTENTIOMETERS 
American made (CRL) Cermet ^ /--V 
sizes; 25K, 100K ohms, 5/$3.30 ppd. )ww 
CTS Blue wheel. Values: 750, IK, 

I.5K, 50K. BOOK ohms, 5/$1.25 ppd. 


BELAY SPECIAL: Beautiful IMtle Fleclrol roeef 
relays DPST. Jsl 0 . i2v coil. 1 ' mounting Punier wiih 
i.'iO spaced leads. Now on special at 2711.bU 

ELECTRIC MOTOR SPECIAL: From time to 
time we luck out Add pick up a True Gif mo Thig 
lime. we’re of taring some of those email DC motor* 
(ion on about 1 lo 5V DC] you lind toys, gamae win 
■flow displays, electric toothbrushes, eic Now 
they re on special al UUSz.95 . how can you go 
wrong? 


m. uieinschenker 

cleclrcmc soeciallrts-SD)! 353, IRWIN, Pi 1564? 


JUST IK TIME — NATIONAL'S 19V CLOCK! 
*1 6,50 or 37446 

The MAIMS clock module I* a complete unit 

ius! pul it m a package and you're on your way. A 
built rn tune base, along; wi|h 12V DC OpeialiOn. 
make itnn unit a natural lor no-hassle car clock In¬ 
stall a lions Includes fluorescent readouts fnol 
LED a i lor easy visibility under adverse ambient 
Fighting conditions 

SENTRY CRYSTALS , . * these are series mode, 
funds meet* I, wire leads, HC1B package 14 tor 
any of (he following, 4 MHi, 5 MHl. 6 MHl. 9MHz, 
10MHz. 12 MHl. is MHr. 18 MHi. 20 MH*. 


TRANSISTOR SPECIAL: KPN, house 
numbered TO 9? package replaces 2N3M4 and 
similar Mm Bela 250. goes up to 500 reasonable 
salumlIon voltage Priced st iCJS-i 


^ BUILD-IT-YOURSELF ^ 
AVIONICS FOR 
HAM PILOTS 

Free catalogue describes high tech¬ 
nology . low cost avionics and test 
equipment offered in kit form. Product 
line includes audio panel, aircraft band 
two*channel transceiver, digital chro¬ 
nometer , navigation and com muni* 
cations test equipment, bench power 
supply, and more Shoot us the coupon 
for details . 


YES, WE HAVE COMPONENTS * * >not 
just some components, either, but a truly 
wide-range selection. From resistors to 
sophisticated tCs to experimenter and 
hobbyist Items, before you do any shop¬ 
ping check with us ,,, you'll be glad you 
did. 


OTHER CRYSTALS: 1M32 MHz Baud rale 
gooeralor cfyeilal, HCfl package wiih wlrn leads. 
S5.A5 51JQ KHi merles mode, lundamenial, wire 
leads, KtXv’U package, I4 3S 1 MHr, -sene? mode, 
fundamental, wire m&ds, HCSfU package, js.ss 2 
MHl, paries mpdo fundnmninial, Wile leads. HCSfU 
package. 55.SO 

CW AUDIO FILTER: Project R17A Originally 
designed ,is .i filter far nUictromc music applica¬ 
tions. anr managi^r Ftau Pratt iwho la aiao a ham] 
reportiv lhai hi 5 unit gives e*cellen| iusuUs as a CW 
rutei wlih variable range anp noich widlh KH form 
only 110,50 


TERWS Alio*- .4.-, i&fL*,, r™ (tilppiftp itliirHlwl 

*,CW 1 i hjndl|n(J rof Of 0 #ri ondw J1C r»i icW 1m TOP Ok 
with ar-Afi lAQiass 1« It'S for VliA* MAilorcnarg^ 4 orosn 
call OkrOdler d>il Irni >1 [415] SB34MH Ptltei B uod Inn.-.j^h 
EQi'Bf nr.onlh g| mism-l rm 


Acfcfrflss 


1 27 ( I 1 2 ! ) o 3 / Radl ° Systems 
\ / Technology, Inc. 

RR 5. GRASS VALLEY. CA 95945 

More Details? CHECK-OFF Page 142 


NIL GOOBOU1 LL£Ctl?Or#CS 

K2( 2355 OAKLAND AIRPORT, C* 


























SPECTRONICS 


INC. 


1009 Garfield St., Oak Park, Illinois • 60304 

( 312 ) 848-6777 


SELECTED 

SPECTRONICS VALUES! 


$1 O 00 QUAUTY CRYSTALS FOR 2 METERS and 220 MHz 

per pair We are now stocking crystals lor most 2-meter pairs and the most popular 220 MHz pairs If you 



need crystals for use in any radios listed below, we can normally ship from stock the same day 
your order is received These are quality crystals buill to exacting specifications to provide 
trouble free operation 


147 MHz PAIRS 220 MHz CRYSTAL PAIRS 

Transmits Receive 

147 99 147 39 
14796 14736 
147 93 147 33 
147 87 147 27 
14784 147 24 
14/a1 147 21 

147 78 147 18 
147 75 147 15 
147 72 147 12 
14769 147 09 
14766 14706* 

147 63 147 03* 

14730 14730 
147 42 147 42- 
147 48 147 48* 

147 51 147 51* 

147 54 147 54* 

147 57 147 57 


146 MHz PAIRS 
Transmit/Recetve 

14601 14661 
146 04 146 64 
1460/ 14667 
146 10 146 70 
146 13 146 73 
146 16 146 76* 
14619 146 79 
146 22 146 82 * 
146 25 146 85 
146 26 146 88* 
14631 14691 
14634 14694 
146 34 146 94' 
14646 14646 
146 49 146 49 


2 METER CRYSTALS 

In Stock for ICOM IC215, 1C22A, 
IC22, IC21 and IC21A 
Wilson: Model 1402 and 1405. 

220 MHz CRYSTALS 

fn Stock fan Midland 509, (Cobra 
model 200. Clegg 220 unit.) 
Wilson: Model 2202 


ORDERING INFORMATION 

U State Brand and model number of 
transceiver 

2. State frequency pair wanted, indi¬ 
cating transmit frequency first, 
then receive 


SIMPLEX 


Transmit/Receive 

223 46 223 46MHZ 
223 54 223 54 MHz 


Note: Items marked ' stocked for 
Wilson only stocked for ICOM only 



THE BIG DUMMY 


$2950 


Full 1 kW 
Dummy Load 


Low-cost dummy load covers the 
full range from 1 8 to 300 MHz 
with flat 5WR Vented container; 
comes with one gallon of high 
quality industrial-grade, long-life 
transformer type cooling oil Power 
capability 1 kW continuous car 
rier, 10 minutes, 2 kW PEP, 20 
minutes Duty cycle 50% Imped¬ 
ance 50 ohms non-inductive 
VSWR 1 05 1 or better Size 
8-5 8" dia x 7 V' high Wt 10 
lbs 


MOSTEK AUTO-PATCH TONE GENERATOR 



Ecu Martin; al DTMF tjen&ralihg sy^iem combines CMOS logic D-lo-A 
cron venters, .in hjpfHiLiiiun.il arnpliliar .inti bipolar iransistufs on ,1 
>myifi EC chip U^os mt-xpensjvr n !>B MHl crystal Dual <ohr:, mi* 
1 memally Tores are 14-slap yynihesi^erl sine waves fur low dis 
inrtuin CumpitNbie w«tn DigiIran' keyboard Common Key function 
uulputs For TO V 

Model MK 5086. Infailacsth to on her .1 2-of-B Keyboard 01 orhpi 
elec ironic sy stems > 9.00 



DIGITRAN KEYBOARD 


WHEN ORDERING FROM 
SPECTRONICS, REMEMBER 


LOW 

PROFILE 

TET 

AL MOST 
STROKE 
1/16 


C,0,D. ORDERS regime paymenl to be 
made by cash, certilied check, or 
money order only. We will gladly quote 
you the exact amount that the delivery¬ 
man will ask for. 

SHIPPING CHARGES must be added 
to your order, 

ALL ORDERS senl F.O.B. Oak Park, 
Illinois. 


A v.'uu 1 ,ii itii» (irtvton H.imvnn|»-m lni*mpnr;iip' if. i« v 
iiciilp lt?ei (<>avif tj mi lJciiUI ihai cnnE.ici hnr. bet?n m.nlf 
T'hestt? n'y&oartf ,ir® manyt.iclu red hy iho Qigiimn ■ -t 

U.I'"! l-itr sh-! wil- n^lnn n lor :imp,miv| wit 

f ot MnioroU rhip and a ciyttiii jpiu- $r*uf»iai small un, 
Down is i in imfomp ,1 Turin Encoder 

iZKey tZtsi 7M.1U-U2 f - SM6 18 00 

IflKeylZolflMattiOZ* ifi JiO.OO 



FAMOUS HAM-KEYS. . . POPULAR FAVORITES FOR CW! 


Model HK-t Dual-lever squeeze paddle Can be used wilh any 
electronic keyer Ht-avy base has non-slip rubber feet Pad 
dies are reversible for wide-finger or close-tinqer spacing 

$29.95 

Model HK-2, Same as HK-1 less base For incorporation in 
own keyer $19.95 

Model HK-3. Deluxe straight key Heavy base so there s no 
need to aitach 10 desk Velvet smooth aclion $16.95 

Model HK-3 A. Same as HK-3, less base $9.95 

Navy type knob only $2.75 

Model HK-4* Combines models HK-1 and hk -3 On heavy base 
with non-slip rubber feet 544.95 

Base only, with rubber feel Heavy 512.00 

Terminals, Red Of black EachS .75 



More Details? CHECK-OFF Page 142 
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* CB * General 

■ CB standard Communication 

■ 2 meter ■ Industry 

■ Scanners “ Marine VHF 

■ Amateur Bands ■ Micro processor 

crystals 

easy jf L ri 


Send to tor <>ur latest catalog 
I tint if or phot tv tin mom dot mm 

2400 Crystal Drive 
FI Myers Florida 33901 
all phones (813) 936 2397 


Crystal controlled highly occur ale & 
stable 

Two cuipul lines, high impedance and 
law impedance 

Adjustable level control both outputs 
Low distortion srne wave oulput 
Completely encapsulated for physical 
rugged ness 

Reverse polarity protection 

Transteni voltage protection 

8 16 volt operation 

High RF immunity 

100 Hz standard other frequencies 

available on request 

Parts & workmanship futiy warranted 

for 2 years, when operated within 

specifications 

Mounting cushion provided 


32 


95 


Shrill^ f. Insufaix:^ 
included 


The Qi! new At? model MI0Q PI unit 
unlike the other type insures a go in si 
physical damage and inadvertent 
short-circuits because of its complex 
encopsulolion in resilient epoxy 
Furthermore The M100 PL uniquely 
offers your choice of high and low 
impedance auipufs fo tacilifafe finding a 
suifable injection point Should for any 
reason other than physical abuse Ihe 
Ml00 PL unrt fail within 2 years AR will 
replace il on an exchange basis for only 
S6 50 handling freight and insurance 
charges 

Dedi cate d to Exceflence 

Technical 
Products 


Sua til BprminQfiom Mi A BO 10 Poor# {313) 588 2 288 


New! 

Please don’t squeeze the 

Feather Touch. 


Kantronics Feather Touch keyer 

Why wrestling with the mechanics in your electronic 

keyer^ 

Thi- Kantronks Feather Touch keyer has moved the 
state of ih*> Art" in electronic keying years ahead! By engineering 
i truly electronic, electronic kryvr, we've eliminated the 
most cumbersome part of sending Morse code the 

adjusting and readjusting of mechanical connections. 

The Feather Touch responds to your lighted lunch, freeing 
you from slapping, sloshing or squeezing. Order your Feather 
Touch now. or write for information at id a li>l of authorized 
dealers 

At Kantronk *», we think sending Morse code should 
be an art, not an effort. 


liKANTRONICS 

l h, J iijhtuvkjhr ( ‘Jiump.s 


i jo. 1 1 *vi . ^<1 Si 

k. dA t ™, ■■ R.in»,jv 6fH l44. 


J (-!*-!>■'«ifi f 1 84 r t MS 


* by Henry Ruh. WB9WWM 

ATV in a Nutshell 

□ R*ATV Subtitled, "‘Every¬ 
thing You Need To Know 
To Build and Operate Your 
Own HAM-TV Station", 
this brand new book 
offers beginners and 
more experienced j 

ATV operators the [ 

most complete, 
authoritative informa¬ 
tion now available. * 

Send for your copy vi 

nowf 67 pages. 1978 O 

Sotlbound $5 00 q 

include 35c for shipping Q 


CAN’T WAIT? 

ORDER TOLL FREE 

800 - 258-5353 


□ Check or Money Order Enclosed 
. Charge ami #_Exp 


adlQ s 


Bank# 


Name 


Address 


ommunrcjftons 


ookstore ° “ - 

Greenville, NH 03048 


_State_Zip_ 

Please allow 2 3 weeks for delivery 
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Clegg FM-28 
Now only $329.95!* 


Thousands of 2 Meter 
FM’ers have made this 
Clegg FM-28 the most 
popular transceiver in 
many areas of the country. 
Compare these specifica¬ 
tions and you can see why! 
144-148 MHz coverage on 
both receive and transmit 
25 Watts output 
Digitally synthesized 
Non-standard repeater splits 
5 KHz steps 
Modular construction 
Compact, rugged design 
. 25 uv receiver sensitivity 


display 

Super selectivity with 15 
poles IF filtering plus 5 pole 
front end filter 

Multi-purpose accessory 
receptacle 


ORDER NOW AND SAVE! 

Because Clegg wants to 
give this FM-28 extra expo¬ 
sure, here's a special, 
limited-time offer. Place 
your order today and you 
can purchase this excep¬ 
tional transceiver at $30.00 
off the regular low price. 
That's right—you can own 
this FM-28 for only 
$329.95!* 

DON’T HESITATE! 

Call Clegg today for full 
details on this and all the 


7221. 

Clegg Communications 
Corp., 1911 Old Homestead 
Lane, Greenfield Industrial 
Park East, Lane. PA 17601. 


TEST IT 
YOURSELF 
AT OUR 
RISK! 

Try this FM-28 in your 
own shack for ten 
days, if you’re not 
completely satisfied 
with this superior 
transceiver, simply 
return it for full refund 
of purchase price. 


CHI 

FOR RELIABILITY 


Large “S" meter 

Bright 6 digit frequency 


other advanced Clegg 
products. Toll-free 1- 
800-233-0250. In Pennsyl¬ 
vania call collect 717-299- 



SPECIAL PRICE OFFER EXPIRES JULY 31. ACT NOW! 

CALL 1 (800) 233-0250 TODAY 


More Details? CHECK-OFF Page 142 
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Alabama 


LONG'S ELECTRONICS 

2808 7TH AVENUE SOUTH 
BIRMINGHAM, AL 35202 
800-633-3410 

Call us Toll Free to place your order 


Alaska 


RELIABLE ELECTRONICS 

3306 COPE STREET 
ANCHORAGE, AK 99503 
907-279-5100 

Kenwood, Yaesu, DenTron, Wilson, 
Atlas, ICOM, Rohn, Tri-Ex. 


Arizona 


HAM SHACK 

4506 A NORTH 16TH STREET 
PHOENIX, AZ 85016 
602-279-HAMS 
Serving all amateurs from 
beginner to expert. 


KRYDER ELECTRONICS 

5520 NORTH 7TH AVENUE 
NORTH 7TH AVE. SHOPPING CTR. 
PHOENIX, AZ 85013 
602-249-3739 
We service what we sell. 


POWER COMMUNICATIONS 

6012 NORTH 27th AVE. 
PHOENIX, AZ 85017 
602-242-6030 
Arizona's #1 Ham Store. 
Kenwood, Drake, ICOM & more. 


QSA 599 AMATEUR RADIO CENTER 

11 SOUTH MORRIS STREET 
MESA, AZ 85202 
602-833-8051 

Eimac Distributor. New & Used 
Equipment, Parts - Surplus too! 


California 


C & A ELECTRONIC ENTERPRISES 

2529 EAST CARSON ST. 

P. 0. BOX 5232 
CARSON, CA 90745 
213-834-5868 

Not the Biggest, but the Best — 
since 1962. 


HAM RADIO OUTLET 

999 HOWARD AVENUE 

BURLINGAME, CA 94010 

415-342-5757 

Visit our stores in Van Nuys 

and Anaheim. 


QUEMENT ELECTRONICS 

1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 

Serving the world's Radio Amateurs 
since 1933. 


TOWER ELECTRONICS CORP. 

24001 ALICIA PARKWAY 
MISSION VIEJO, CA 92675 
714-768-8900 

Authorized Yaesu Sales & Service. 
Mail orders welcome. 


Colorado 


MILE-HI COMMUNICATIONS, INC. 

1970 SOUTH NAVAJO 
DENVER, CO 80223 
303-936-7108 
Rocky Mountain's newest 
ham store. Lee Tingle K0LT. 


Connecticut 


AUDIOTRONICS INC. 

18 ISAAC STREET 
NORWALK, CT 06850 
203-838-4877 

The Northeast's fastest growing 
Ham Dept, dedicated to service. 


Florida 


AGL ELECTRONICS. INC. 

1800-B DREW ST. 
CLEARWATER, FL 33515 
813-461-HAMS 
West Coast's only full service 
Amateur Radio Store. 


AMATEUR RADIO CENTER, INC. 

2805 N.E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 

The place for great dependable 
names in Ham Radio. 


MARC’S 

CENTRAL EQUIPMENT CO., INC. 

18451 W. DIXIE HIGHWAY 
NORTH MIAMI BEACH, FL 33160 
305-932-1818 

See Marc, WD4AAS, for complete 
Amateur Sales & Service. 


RAY’S AMATEUR RADIO 

1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
West coast’s only dealer: 

Drake, loom, Cushcraft, Hustler, 


Illinois 


ERICKSON COMMUNICATIONS, INC. 

5935 NORTH MILWAUKEE AVE. 
CHICAGO, IL 60646 
312-631-5181 

Hours: 9:30-5:30 Mon, Tues, Wed, 
Fri; 9:30-9:00 Thurs; 9:00-3:00 Sat. 


KLAUS RADIO, INC. 

8400 NORTH PIONEER PARKWAY 
PEORIA, IL 61614 
309-691-4840 

Let us quote your Amateur needs. 


SPECTRONICS, INC. 

1009 GARFIELD STREET 
OAK PARK, IL 60304 
312-848-6777 

Chicagoland’s Amateur Radio 
leader. 


Indiana 


HOOSIER ELECTRONICS, INC. 

P. O. BOX 2001 

TERRE HAUTE, IN 47802 

812-238-1456 

Ham Headquarters of the Midwest. 
Store in Meadows Shopping Center. 


KRYDER ELECTRONICS 
GEORGETOWN NORTH 
SHOPPING CENTER 
2810 MAPLECREST RD. 

FORT WAYNE, IN 46815 
219-484-4946 

We service what we sell. 10-9 T, 
TH, F; 10-5 W, SAT. 


Iowa 


BOB SMITH ELECTRONICS 

RFD #3, HIGHWAY 169 and 7 
FT. DODGE, IA 50501 
515-576-3886 
For an EZ deal. 


Kansas 


ASSOCIATED RADIO 

8012 CONSER P. 0. B. 4327 
OVERLAND PARK, KS 66204 
913-381-5901 

Amateur Radio's Top Dealer. 
Buy — Sell — Trade 
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Amateur Radio Dealer 


Kentucky 


COHOON AMATEUR SUPPLY 

HIGHWAY 475 
TRENTON, KY 42286 
502-886-4535 

Yaesu, Ten-Tec, Tempo, DenTron. 
Our servjce is the BEST. 


Maryland 


COMM CENTER, INC. 

9624 FT. MEADE ROAD 
LAUREL PLAZA RT. 198 
LAUREL, MD 20810 
301-792-0600 

New & Used Amateur Equipment. 
Wilson, Ten-Tec, R. L. Drake, Tempo 


PROFESSIONAL 

ELECTRONICS CO., INC. 

1710 JOAN AVENUE 
BALTIMORE, MD 21234 
301-661-2123 

A professional place for amateurs. 
Service-sales-design. 


Massachusetts 


TUFTS RADIO ELECTRONICS 

209 MYSTIC AVENUE 
MEDFORD, MA 02155 
617-395-8280 
New England's friendliest 
ham store. 


Michigan 


ELECTRONIC DISTRIBUTORS 

1960 PECK STREET 
MUSKEGON, Ml 49441 
616-726-3196 

Dealer for all major amateur 
radio product lines. 

RADIO SUPPLY & ENGINEERING 

1207 WEST 14 MILE ROAD 
CLAWSON, Ml 48017 

313-435-5660 

10001 Chalmers, Detroit, Ml 
48213, 313-371-9050. 


Minnesota 


ELECTRONIC CENTER, INC. 

127 THIRD AVENUE NORTH 

MINNEAPOLIS, MN 55401 

612-371-5240 

ECI is still your best buy. 


PAL ELECTRONICS INC. 

3452 FREMONT AVE. NORTH 
MINNEAPOLIS, MN 55412 
612-521-4662 

The Midwest's Fastest Growing 
Ham Dealer. 


Missouri 


MIDCOM ELECTRONICS, INC. 

2506 SO. BRENTWOOD BLVD. 
ST. LOUIS, MO 63144 

314-961-9990 

At Midcom you can try before you 
buy! 


Nebraska 


COMMUNICATIONS CENTER, INC. 

443 NORTH 48 ST. 

LINCOLN, NE 68504 
800-228-4097 

Kenwood, Yaesu, Drake and more 
at discount prices. 


New Hampshire 


EVANS RADIO, INC. 

BOX 893, RT. 3A BOW JUNCTION 
CONCORD, NH 03301 
603-224-9961 

Icom, DenTron & Yaesu dealer. 

We service what we sell. 


New Jersey 


ATKINSON & SMITH, INC. 

17 LEWIS ST. 
EATONTOWN, NJ 07724 
201-542-2447 
Ham supplies since "55". 


RADIOS UNLIMITED 

1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201-469-4599 
New Jersey's newest 
complete Amateur Radio center 


THE BARGAIN BROTHERS 

216 SCOTCH ROAD 
GLEN ROC SHOPPING CTR. 
WEST TRENTON, NJ 06828 
609-883-2050 

A million parts - lowest prices 
anywhere. Call us! 


New Mexico 


ELECTRONIC MODULE 

601 N. TURNER 
HOBBS, NM 88240 
505-397-3012 

Yaesu, Kenwood, Swan, DenTron, 
Tempo, Atlas, Wilson, Cushcraft 


New York 


ADIRONDACK RADIO SUPPLY, INC. 

185 W. MAIN STREET 
AMSTERDAM, NY 12010 
518-842-8350 

Yaesu dealer for the Northeast. 


GRAND CENTRAL RADIO 

124 EAST 44 STREET 
NEW YORK, NY 10017 
212-682-3869 

Drake, Atlas, Ten-Tec, Midland, 
Hy-Gain, Mosley in stock 

RADIO WORLD 

ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 

OR1SKANY, NY 13424 

315-337-2622 

New & Used ham equipment. 

See Warren K2IXN or Bob WA2MSH. 


Ohio 


AMATEUR RADIO 

SALES & SERVICE INC. 

2187 E. LIVINGSTON AVE. 
COLUMBUS, OH 43209 
614-236-1625 
Antennas for all services. 


UNIVERSAL AMATEUR RADIO, INC. 

1280 AIDA DRIVE 
REYNOLDSBURG, (COLUMBUS) OH 
43068 

614-866-HAMS 

Drake, Yaesu, Ten-Tec, KDK, Wilson, 
DenTron, Tempo, Sigma. 


Oklahoma 


RADIO STORE, INC. 

2102 SOUTHWEST 59th ST. 

(AT 59th & S. PENNSYLVANIA) 
OKLAHOMA CITY, OK 73119 
405-682-2929 

New and used equipment — 
parts and supply. 


Oregon 


PORTLAND RADIO SUPPLY CO. 

1234 S.W. STARK STREET 
PORTLAND, OREGON 97205 
503-228-8647 

Second location, 1133 S. Riverside 
Avenue, Medford, OR 97501. 


Pennsylvania 


ARTCO ELECTRONICS 

302 WYOMING AVENUE 
KINGSTON, PA 18704 
717-288-8585 

The largest variety of semiconduc¬ 
tors in Northeastern Pennsylvania 
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DIPOLE /ANTENNA CONNECTOR 


HTf'QUE |H(J- ij d>DuI' Lonnsi mi K.t 

!□** 'j-Cj fj 1 # *Ol h*( "ViollJeiJ .pi* 

if r ■ plAll . to riri.rCrt (Qflr 

ri /' r J F'ujt n-n ifn.i .«r lifiHLii- fcretrt 

. .!■ 'r, 1 r-sTf-ui: t.rHl* rtTt tu-l'-S-d 

■ niffl i *r-itil At fPU( BfPffri UP l* 
iMviM d r.nrfipjfl'or mi do** 7 t* 19 


HAMIRONICS. DIV. OF 
TREVOSE ELECT, 

4Q33 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215357 1400 
Same location for 25 years. 


Tennessee 


GERMANTOWN AMATEUR SUPPLY 

3203 SUMMER AVE. 

MEMPHIS. TN 38112 
800 238-6168 
No monkey business. Call 
Toll Free. 


Texas 


AGL ELECTRONICS 

3068 FOREST LANE. SUITE 309 
DALLAS, TX 75234 
214-241-6414 (within Texas) 
Out-of-State, Call our toll free 
number 800 527 7418. 


HARDIN ELECTRONICS 

5635 E. ROSEDALE 
FT. WORTH, TX 76112 
817 461 9761 
Your Full Lme Authorized 
Yaesu Dealer. 


Wisconsin 


143 149 MHz No Tuning 
■/r AM - FM - CW - SSB 
. Low Harmonics 
V. Heavy Duly 
. No Power Supply Needed 
Illuminated Panel Meter 
f 13.5V 3 Amp Socket 


U 5 or 230V AC 
60dB Spurious 
Fully Protec led Output 
Internal T R Switch 
LLS Manufactured 
19" Rack Panel Option 
Size 8-1/2 x 13 x?*H 


FCC type accepted models under Parts 89. 91, and 93 available. 

Only two things are needed to pul this power house on the air with your 
nandy-talky or mobile transceiver: a two fool piece ol coaxial cable and a 
115 or 230 volt AC outlet. That's all You do not need anything else. The 
mobile iransceiver can be powered directly from the accessory sockei 
located in Ihe rear panel of the RFPL amplifier. II puts out + 13-5 volts ai 3 
amperes This is sufficient for powering most 15 wall transceivers 


1 /SI 


DEALER INQUIRIES INVITED 


RF POWER LABS, INC. 


POWER ndlfrlittft pikcNE ■ ICiftyiNt WashltifMfi wow - tram* tele* No 3?i042 

LA1S5 


FACSIMILE 


COPY SATELLITE. PHOTOS. 
WEATHER MAPS, PRESS! 

The Fan Are Clear — on our lull size 118-1/2" wide| 
recotelers Thrrep commercial-miMary unils now «vaih 
ahlnal surplus prices Learn ho* lo copy with our FREE 
Fax Guide T*).: (113) 372*3** 

T 


ATLANTIC SU 

3730 NAUTILUS 


PLUS SALTS 

BROOKLYN N Y 1122* 


jtm 


ELECTRONIC EXCHANGE 

136 N. MAIN STREET 
SOUDERTON. PA 18964 

215-723-1200 

New & Used Amateur Radio 
sales and service. 


"HAM" BUERGER, INC. 

68 N, YORK ROAD 
WILLOW GROVE, PA 19090 
215 659 5900 

Delaware Valley’s Fastest Growing 
Amateur Radio Store 


ALL-MODE VHF 
amplifiers 


FOR BASE STATION & REPEATER USE 


ODfl 1 

IN PUt 

OUTPUT 

70 

10-20W 

7O90W 

71 


60-70W 

130 

2540W 

110- 130W 

131 

1 5W 

HO 130W 

135 

5 10W 

110 130W 

iao 

B 15W 

isoaoow 

Universal 19* Hath Mourn 



PRICI 

$296 
$329 
$3B9 
$419 
$419 
$525 
$25 


* AH units: Harmonics exceed 
- 60 dB specification of FCC 
R&O 20777 


AMATEUR 

ELECTRONIC SUPPLY, INC, 

4828 WEST FOND du LAC AVENUE 
MILWAUKEE, Wl 53216 
414-444 4200 

Open Mon & Fn 9 9, Tues, Wed, 
Tliurs, 9*5:30, Sat, 9-3. 


Washington 

AMATEUR RADIO SUPPLY CO. 

6213 13TM AVENUE SOUTH 
SEATTLE, WA 98108 

206 767 3222 

First in Ham Radio in Washington 
Northwest Bird Distributor 


C0MMUNICATI0NS - 

III’ I INC 

R- 

THE BEST of BOTH WORLDS 


DRAKE 


Open Tuesday-Frrday 10*6; Saturday 12*4 


211 NORTH MAIN STREET 
HORSEHEADS, N, Y, 14845 




PHONE; 607*739*0187 
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DIODES/ZENERS 


1N914 
1N4005 
1N4007 
1N4148 
1N4733 

1N753A 

1N758A 

1N759A 

1N5243 

1N5244B 

1N5245B 


SOCKETS/BRIDGES 


100v 
600v 
lOOOv 
75v 
5.1v 
6.2v 
lOv 
12v 
13v 
14v 
15v 


CMOS 

4000 

.15 

4001 

.15 

4002 

.20 

4004 

3.95 

4006 

.95 

4007 

.20 

4008 

.75 

4009 

.35 

4010 

.35 

4011 

.20 

4012 

.20 

4013 

.40 

4014 

.75 

4015 

.75 

4016 

.35 

4017 

.75 

4018 

.75 

4019 

.35 

4020 

.85 

4021 

.75 

j 4022 

.75 

4023 

.20 

4024 

.75 

4025 

.20 

4026 

1.95 

4027 

.35 

4028 

.75 

4030 

.35 

4033 

1.50 

4034 

2.45 

4035 

.75 

4040 

.75 

4041 

.69 

4042 

.65 

4043 

.50 

4044 

.65 

4046 

1.25 

4049 

.45 

4050 

.45 

4066 

.55 

4069/74 C04 

.25 ’ 

4071 

.25 

4081 

.30 

4082 

.30 

MC 14409 

14.50 

MC 14419 

4.85 

4511 

.95 

74C151 

1.90 

9000 

SERIES 

9301 .85 

95H03 

9309 .35 

9601 

9322 .65 

9602 


10mA .05 

1A .08 

1A .15 

10mA .05 

1 W Zener .25 

500 mW Zener .25 
" .25 

" .25 

" .25 

" .25 

" .25 


7400 

7401 

7402 

7403 

7404 

7405 

7406 

7407 

7408 

7409 

7410 

7411 

7412 

7413 

7414 

7416 

7417 
7420 

7426 

7427 
7430 
7432 

7437 

7438 

7440 

7441 

7442 

7443 

7444 

7445 

7446 

7447 

7448 

7450 

7451 

7453 

7454 
7460 
7470 
7472 


8-pin 

pcb 

.20 

ww 

14-pin 

pcb 

.20 

ww 

16-pin 

pcb 

.20 

ww 

18-pin 

pcb 

.25 

ww 

22-pin 

pcb 

35 

ww 

24-pin 

pcb 

.35 

ww 

28-pin 

pcb 

.45 

ww 

40-pin 

pcb 

.50 

ww 


MICRO 

74S188 
1702A 
MM5314 
MM5316 
21021 
21G2L-1 
2114 
TR1602B 
IMS 4044- 

8080 

8212 


'S, RAMS, CPU'S, 
E-PROMS 


3.00 

4.50 
3.00 

3.50 
1.45 
1.75 

9.50 

3.95 

9.95 

8.95 

2.95 


8214 

8224 

8228 

8251 

8255 

8T13 

8T23 

8T24 

8T97 


8.95 

3.25 

6.00 

8.50 
10.50 

1.50 
1.50 
2.00 
1.00 


Mo lex pins .01 To-3 Sockets 
2 Amp Bridge 100-prv 
25 Amp Bridge 200-prv 


- T T 


.35 

.40 

.40 

.75 

.95 

.95 

1.25 

1.25 

.25 

.95 

1.95 


TRANSISTORS, LEDS, etc. 

2N2222 NPN (2N2222 Plastic .10) 

2N2907 PNP 

2N3906 PNP (Plastic - Unmarked) 

2N3904 NPN (Plastic - Unmarked) 

2N3054 NPN 

2N3055 NPN 15A 60v 

TIPI 25 PNP Darlington 


2N3055 NPN 15A 60v 

TIPI 25 PNP Darlington 

LED Green, Red, Clear, Yellow 
D.L.747 7 seg 5/8" High com-anode 

MAN72 7 seg com-anode (Red) 

MAN3610 7 seg com-anode (Orange) 

MAN82A 7 seg com-anode (Yellow) 

MAN74A 7 seg com-cathode (Red) 

FND359 7 seg com-cathode (Red) 


.15 

.15 

.10 

.10 

.35 

.50 

.35 

.15 

1.95 

1.25 

1.25 

1.25 

1.50 

1.25 


7473 

.25 

74176 

.85 

74H72 

.35 

7474 

.30 

74180 

.55 

74H101 

.75 

7475 

.35 

74181 

2.25 

74H103 

.55 

7476 

.40 

74182 

.75 

74H106 

.95 

7480 

.55 

74190 

1.25 



7481 

.75 

74191 

.95 

74 LOO 

.25 

7483 

.75 

74192 

.75 

74L02 

.20 

7485 

.55 

74193 

.85 

74L03 

.25 

7486 

.25 

74194 

.95 

74L04 

.30 

7489 

1.05 

74195 

.95 

74L10 

.20 

7490 

.45 

74196 

.95 

74L20 

.35 

7491 

.70 

74197 

.95 

74L30 

.45 

7492 

.45 

74198 

1.45 

74L47 

1.95 

7493 

.35 

74221 

1.00 

74L51 

.45 

7494 

.75 

74367 

.75 

74L55 

.65 

7495 

.60 



74L72 

.45 

7496 

.80 

75108A 

.35 

74L73 

.40 

74100 

1.15 

75491 

.50 

74L74 

.45 

74107 

.25 

75492 

.50 

74L75 

.55 

74121 

.35 



74L93 

.55 

74122 

.55 



74L123 

.85 

74123 

.35 

74H00 

.15 



74125 

.45 

74H01 

.20 

74S00 

.35 

74126 

.35 

74H04 

.20 

74S02 

.35 

74132 

.75 

74H05 

.20 

74S03 

.25 

74141 

.90 

74H08 

.35 

74S04 

.25 

74150 

.85 

74H10 

.35 

74S05 

.35 

74151 

.65 

74H11 

.25 

74S08 

.35 

74153 

.75 

74H15 

.45 

74S10 

.35 

74154 

.95 

74H20 

.25 

74S11 

.35 

74156 

.70 

74H21 

.25 

74S20 

.25 

74157 

.65 

74H22 

.40 

74S40 

.20 

74161 

.55 

74H30 

.20 

74S50 

.20 

74163 

.85 

74H40 

.25 

74S51 

.25 

74164 

.60 

74H50 

.25 

74S64 

.15 

74165 

1.10 

74H51 

.25 

74S74 

.35 

74166 

1.25 

74H52 

.15 

74S112 

.60 

74175 

.80 

74H53J 

.25 

74S114 

.65 



74H55 

.20 




.10 

.15 

.15 

.15 

.10 

.25 

.25 

.55 

.15 

.15 

.15 

.25 

.25 

.25 

.75 

.25 

.40 

.15 

.25 

.25 

.15 

.20 

.20 

.20 

.20 

1.15 

.45 

.45 

.45 

.65 

.70 

.70 

.50 

.25 

.25 

.20 

.25 

.40 

.45 

.40 


MCT2 .95 

8038 3.95 

LM201 .75 

LM301 .45 

LM308 (Mini) .95 
LM309H .65 

LM309K (34ok-5)85 
LM310 .85 

LM311D (Mini) .75 
LM318(Mmi) 1.75 
LM320K5(7905)1.65 
LM320K12 1.65 


LINEARS, REGULATORS, etc. 

1320T5 1.65 LM340K15 1.25 

1320T12 1.65 LM340K18 1.25 

1320T15 1.65 LM340K24 1.25 

1324N 1.25 78L05 .75 

1339 .75 78L12 .75 

05 (340T5) .95 78L15 .75 

1340T12 .95 78M05 .75 

1340T15 .95 LM373 2.95 

1340T18 .95 LM380(8-i4 pin) .95 

1340T24 .95 LM709 (8, 14 pi n).25 

1340K12 1.25 LM711 .45 


INTEGRATED CIRCUITS UNLIMITED 


74S133 .40 

74S140 .55 

74S151 .30 

74S153 .35 

74S157 .75 

74S158 .30 

74S194 1.05 

74S257 (8123) 1.05 


74LS00 

74LS01 

74LS02 

74LS04 

74LS05 

74LS08 

74LS09 

74LS10 

74LS11 

74LS20 

74LS21 

74LS22 

74LS32 

74LS37 

74LS38 

74LS40 

74LS42 

74LS51 

74LS74 

74LS86 

74LS90 

74LS93 

74 LSI 07 

74LS123 

74 LSI 51 

74 LSI 53 

74 LSI 57 

74 LSI 64 

74 LSI 93 

74LS367 

74LS368 


LM723 

LM725N 

LM739 

LM741 (8 

LM747 

LM1307 

LM1458 

LM3900 

LM75451 

NE555 

NE556 

NE565 

NE566 

NE567 


.20 

.20 

.20 

.20 

.25 

.25 

.25 

.25 

.25 

.20 

.25 

.25 

.25 

.25 

.35 

.30 

.65 

.35 

.35 

.35 

.55 

.55 

.40 

1.00 

.75 

.75 

.75 

1.00 

.95 

.75 

.65 


.40 

2.50 

1.50 
14) .25 

1.10 

1.25 

.65 

.50 

.65 

.35 

.85 

.95 

1.25 

.95 


2107B-4 4.95 
2708 9.50 

Z80PIO 8.50 


7889 Clairemont Mesa Boulevard, San Diego, California 92111 

(714) 278-4394 (Calif. Res.) DISCOUNTS 

All orders shipped prepaid No minimum y ota l order Deduct 

Open accounts invited COD orders accepted $35 - $99 10% 

Discounts available at OEM Quantities California Residents add 6% Sales Tax $100 - $300 15% 

All IC's Prime/Guaranteed. All orders shipped same day received. ’ $1000 20% 

24 Hour Toll Free Phone 1-800-854-2211 American Express / BankAmericard / Visa / Master Charge 



Repeater Jammers Running You Ragged? 


il 


Here's a portable direction finder 11 

that REALLY works on AM, 

FM pulsed signals and random 
noise! Unique ft?ft right DF 

allows you to take accurate (op 
to 2 and fast bearings, even on 
short bursts. Its 3dR antenna 
gain and 06/iV typical DF sun 
sit iv it y allow this crystal 
controlled unit to hear and posi 
lively track j weak signal at very 
long ranges while the built m 
RF gain control with 120 dB 
range permits positive DF to 
within a few luut of the transmit 
ter. It Mas no ISO ambiguity 
and the antenna can be rotated 
for horizontal polarization 

The DF is battery powered, can be used with accessory antennas, and is 1? 74V for 
use in vehicles or aircraft- It is available in the 140 150 MHz VHF band and/or 
220 230 M Hz UHF band. Tins DF has been successful in locating malicious inter 
tcrence sources, as well as hidden transmitters in T hunts , F L T%, and noise sources 
in RFI situations. 

Price fur the single band unit is $170, fnr the VHF UHF dual band unit is $2Qb, plus 
crystals Write or call for information and free brochure 



W6GUX 


I T RONICS 

5546 Cathedral Oaks Road 
(Attention Ham Dept,) 
Santa Barbara, CA 93111 


WD6ESW 


NEW 

FROM GLB 


A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS Only two 
boards for a complete receiver 
4 pole crystal filter is stan¬ 
dard, Use with our CHAN- 
NELfZER or your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con¬ 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built in TONE 
PAD INTERFACE . Priced from 
$29,95, 

SYNTHESIZER KITS from 50 to 
450 MHz, Prices start at $119.95. 

Now available in KIT FORM — 
GLB Model 200 MINI-SIZER. 

FHs any HT. Only 3,5 mA current 
drain. Kit price $159.95 Wired 
and tested. $239 95 
Send for FREE 16 page catalog. 

We welcome Masterclwge or VISA 

GLB ELECTRONICS 

1952 Clinton St.. Buffalo, N Y 14206 




— doth 
IrwdUottrtQ 
0 Jt#rnaf« 
rhannat 
m#an* 

lapJbl/ltr 


NEW 1 VIP-100 Option provides * i0 kHz from dialed Iraqumcy 

Mg | 146 - 1« MHz Only 59.95 

ALL 2-METER „ ith 

FM CHANNELS 1022s 


a SINGLE KNOB CHANNEL SELECTION 

• DIRECT FREQUENCY READOUT 

• SIMPLE, LAST INSTALLATION 

• LOW COST * 

a INSTALLS IN PLACE Of i 

ORIGINAL SWITCH ! 


t ■ . ■ 

\-/ 

V - ' 


H- ,11 A 

Qj'l-ft 

if. w 

L + &■ * 


", 4 I ifn. 

a ■ 

I, * 


I4i.ll *1 
. 46 ** U 
34* fl? II 
144 34 79 

i*]i n 
14L1I7I 
ML 1 IJ! 

PUISlTW 


1411? I? 

liuin 

344 it tt 
144 II II 
34 t 1 *M 
1441 Ml 
141.*4.00 


i*/1*J* 

l*/*» 03 

um m 

i4Ji»n 

1 ti im r 

14/71 l\ 
147/1 II 


1*1.11 Jl 
I4M4J4 

14 M J J I 

Ul-lt M 
141U.J1 
141-lt K 

1411* JJ 


146 U 146 66 14748 

1*6 46 146 SS IIF SI 

34649 HM 2 14764 

146 6? 1IZ4S 147 57 

PUIS: Tat uw pApiiKHd 


DON’T KEEP 

A GOOD ANTENNA DOWN 

i*if i’ iih Nr.ip'.til 0fvl.fi i*» 

.V ih,-.■ p. iiih.iirL.i 1ti.ii i F “■ ijl.l'As.. 

f IM« In*] mW «mJH .ia.ii ! 

THE JOVSTICK VFA 

r ifial.*' !>i.j ■Ilf Ki+IB *nt p-.iu ■ IN I» !»vh.h fufllhiB 

I V.«lv II - i ! I.n k.1 V r If11 F '.1 ■’ I ■ It ill i - . ■ 

M ft \\ 

’ 'll' ■ i * I "l ■ *,• IlWH. * .1. ... ,%* •' LPi 

II H I ,1. ■ * , I. If ,-H I i PTfo^.r . -i 

SYSTEM A SB4.00 

?yiw PF p 

SYSTEM J’ 5110,00 

■MXtWfPLP 4 Vt 11111)1 Ovi-Li o f *i tv* FWv n MT 

A* I. I ... F . . i . " | Ij 11 P . T ‘ .ft ■" I H . I■ P I F'jd, 1V\J. r Hi p | I. 

■iLlil Fiul ‘ | if. M.ll I »• PJ A I - j ■ , * t ■ . I.F- [If- U. 
■ftX) ip-F tattle f tin .- f i 1- 1m f-' ll 1 1 mi ' i >r ili'mi 1 11 i J .« - ■• J -h 
FAiMH. rifttfli ‘.--I Im p i iifl ■ ti-* H ,i - 1 f fi . rrin.. 

PARTRIDGE (HH) 
ELECTRONICS LTD 

C3C£D Bitmcliiiiri Hcnl EngtamJ G^VFA 

Tffl 0*43 6) MS' 


Now you can have all Ihe FM Irequencies Irom |4feC3 Thru 

]47 S9 on youi 1C 22$ Ihe basic VIP 42 conrersi&n provides 42 channels. 
incUdinfl aH Ihe repeals pairs all ol the Mandaid simplen Irepuencies. 
,6 1 n j any two other desired use* ptoEiammed chanoets The VIP 600 cplion 
add 1 , simpler capably ^ channels 600kH/ about Ihe indited channel 
while the VIP 15 option provides Ihe capability of rnovmjt Ihe IC72S 
l&hHf up From The mdIdled frequency foi split operation 

Order fours lodayf Make your line Iransceuer even belter! 

KQ Valley Instrument Products 


13171 '*1 UH/0 UAilUTI HlfMCHS WMOJ 



VIP-600 option - $3.50 
VIP-15 option -U50 


Kp 




Volloy 
liiitr umor t 
Pr odu(tf 

y O im* 

Barrl^n It&OlOJ 


PUA^if ^MIF 1 


ALSO iNCLUOf 


VIP 47 ronviiriion lipr|vj n I J?9 9S nm h Banp AwLMC Af 


VIP60Q option( 

ViPISopl.onftl ol S3 S0#o<ti 

[J Iwnluti} h*, t m RMIlif uldfi 

u ei U4ll.tr E lilt I 4* ill, Vi .A Bflfih Affi^ln Qi-d 1 


VISA 


t Li i d n^mhii 


Siy'iu luf ■» 


t ^ pir Uifirjiri ihj'n 


, . F, , FI| .j| * ■, 1 II, > .F. ■ I *. 


16 -POLE ;5 
R- 4 C SSB! 1 


Inf ■ ■ 


fill. V HU* I ■■■ 


— L 


4 


lrii|Hovp OLt* i- v vlinn 1 wr f'tMvHv i l your I sr ,lki 1 FT wImIh 
ikIeIi i nj H <nhlitior<iii i h 11 ljt.eI Itl wnii nti »rvti L rrtihy nvtiinl 

tnl will lijitiN' «'l "I ljr*1 11 i 1 yil.il lllln-f ■ Hfilu .' tlMM 
Ir^V.ftv l‘Jn*l IiN^I Til* L>X .Tiwi I iH-ilpO Willi {,/ivrrjll 

shrfiM - lih 3i>* lrtM 1 1 !i lrum I 4 MjiimuH! ■■►.■rt wliftTivili w■ EU 

... nUf i"i'l .iifv I'MjiI fmmtwiillli wilfi t.l ' 1^. K 

^'inOM/.u f H ]R 730U H/ jiI EOilR Mnnirtl «ai idtirr Uirid 
WIllHl UlliiT ri.lTKlwiljEFbl riVAtlollih l UfH'r U*l CJm Iff tnnilf)|i 1 i| 
Hi .11 Hi I JH'l.iv irwli Uni will, inn li iT-q. wlurh iTntri ui 

Silt (XI 'A i»ihiJ h| fillirp -.Vi. li fun., ui>fiL»pn i.m M|i 1 1 Hil>' inni 

Cl iifj(Hi .iiiii.'cif t-»iruj n hi/ iif^t IF iliter .iii ffircrrwiiv 

fi m iiiri[i.iB tOftli l hileil IftiMi irm ui tffsi^l [urittl I3SU .nnl I ! -3.L 

(r 7 IK K gun n S 1 y 11 I m I H’l Ml Mmivy li#! 11 riiFl *,11 ii 

Tiixl Ailil s.l Ifi'l Iiiinj. pH '1 jjiijh'i livflMl J» L.3'’J | '"‘ '■ 

HjHnru-F wi'llifilr 

Sherwood Engineering Inc. 

1268 South Ogden St. 
mm Denver. Colo. 80210 hh 
«K 1303)722-2257 tmmmm 































MADISON 

ELECTRONICS SUPPLY, INC 


1508 McKINNEY 
713/658-0268 


HOUSTON, TEXAS 77002 
Nites 713/497-5683 


NEW! EXCITING! BREAKTHROUGH! 
DRAKE TR-7 TRANSCEIVER & ACC. 




TR-7 

TR-7 & DR 7 DIGITAL R/O 
PS-7 POWER SUPPLY 


$886.00 

$1072.00 

$166.00 


CALL FOR QUOTES ON: 

YAESU KENWOOD 

FT901 DM TS820S 

FT325 TS520S 

FT225 TR7400A 

ALDA, AMCOMM, ETO ALPHA 
TEMPO VHF ONE PLUS 


no 

ornm-j 

ANTENNAS 

MODEL OJA-146 


TWO METER AMATEUR SAND 146-14SMHZ 

* HO GROUND PLANE REQUIRED 

* USE FIXED* MOBILE, OR PORTABLE 

* 5riB GAIN OVER ISOTROPIC IN MOST MOBILE 

applications 

* OVERALL LENGTH: LESS THAN 64 INCHES 

* COLLAPSIBLE TO 22 INCHES. MAY BE PACKED 
IN SUITCASE FOR THOSE OUT-OF-TOWN TRIPS 

* STEEL WHIP AND ADAPTER INCLUDED FOR 
MOBILE AND FIXED APPLICATIONS 

- VSWR: LESS THAN 1*2:1 


PRICE $29.95 


UPS Prepaid 


220 MHz — $27.95 450 MHz — $27.95 

AM ATEU R BEAMS - m stock - 

FINCO A62 6/2m $61.00 


FINCO A62 6/2m 
TELREX TB5 EM 


$395.00 


CALL FOR FAST QUOTES 
SPECIAL ORDERS WELCOME 


TERMS: All prices FOB Houston Prices subject to Change without ftolice 
All Uem$ Gtiaranieed Sooie items subject to prior sale Send lellcrheafl tor 
Amateur dealers puce list 1e*as residents add tax Please add postage 

estimate 


KLM: Antennas* Unears, Accessories All In Stock. FREE balun 
w/2 meter base antenna 

BIRD 43 Wattmeter plus slugs, in stock, prepaid freight 

BENCHER keyer p ad d t« s in $ lock .$39.95; Ctuo me $49.95 

MIDLAND 23*136 dual meter, reads SWR and relative POWER 

handles t kW from3*150MHz...$21.95 

DRAKE TR-7 ...... Call for Quote 

TELE-TOWER: 40' w/breakover ......$299 

55 * w/breakover... — ....... $390 

MICROWAVE MODULES...,...In stock 

F9FTTQNNA antennas: 144H6et. , ,..$55.95 

9/19 OSCAR .... $53.00 

JANEL Preamps ... In stock 

TECHNICAL BOOKS: ARRL, Sams* TAB. Tl ( Rider, Radio Pub., 

Callbook. Cowan, TEPABCO, many others . ,.. call 

HAM X ROTOR (New Model) Turns 28 sq. ft. of antenna. List 

$325 In stock........- - Your Price $249 

ODE HAM*llt.....- $129.00 

SWAN METERS: WM 6200 VHF Wattmeter ...- $49.95 

SWR 3 Mobile.*...$9-95 

TELEX HEADSETS: ........ In stock 

CETRON 572B ....- $27.95 

ADEL nibbling tool, $6.45; punch $3.50 

CABLE 5/32** 6-strand, soft-drawn guy cable, For mast or light 
tower, 34 loot 

BELDEN COAX CABLE: 9866 double shield RG8 foam coax 
i0G% braid, suitable for direct bury 394 ft., 8237 RGB 214 It 
8214 RGfl foam 254 ft , 8448 8-wire rotor cable 164 ft, 8210 72 
ohm kw twinlead S19MQ0 ft., 8235 300 ohm kw twinlead 
$12/100 It., Amphenol PL-259, siiverpiated 594, UG175 adapter 
194. PL-258 dbl female $1.00 8NC female chassis mount 594 
ea; MICRO RG-B/U same Size as RG-59, 2 KW PEP 30 MHz 
164 ft. 

BELDEN 14 gauge cop stranded antenna wire. $5/100 ft 

TIMES 1/2" foam hardline 604/ft..connectors SI 5 #s. 

KESTER SOLDER t lb. 60M0, .062....... K-50 

LEADER — Amateur Test Equip. — 10% off list. 

MALLORY 2.5A/f 000 PIV epoxy diode,...194 ea. 

.001 MFD 20KV CAP...... ..... $1,95 

GE receiving tubes. .... .... 50% off list 

GE6146B, 8950.... ... ..$7.95ea, 

THIS MONTH’S SPECIAL 
BEARCAT 210.$249 


SAY Electronic Power Supplies 

Completely Regulated 13.8 to 20 volts dc. variable. 
Separate volt and amp meters. Dual protection against 
over voltage and over current. 

4 amp. $59.95 

8 amp.$109.95 

20 amp.$159.95 


16 ELEMENTS — F9FT — 144 MHz 


r 


144/146 MHz 
17.8 dBi 
50 ohms 
length 6.4 m. 


The 'Tonna' You’ve been 
hearing about 

SWR ^1.2:1 
Wt. 4.4 kg. 
Horiz./Vert. 


length 6.4 m. F/B ratio 22 dB 

Side lobe attenuation >60 dB 
Horizontal aperture 2x16 0 {-3dB) 
Vertical aperture 2x17"{-3dB) 

$55.95 


MADISON 

ELECTRONICS SUPPLY. INC. 


1508 McKINNEY 
7131658-0268 


HOUSTON, TEXAS 77002 
NltOS 713/497-5683 


More Details? CHECK-OFF Page 142 


July 1978 








































GO in OR £13 


NOW 


• COn _ ifii#T»i v a OR T A B L E 
wih N Cad 

• C* YMftl Ovpn Avii ‘flh p 


Pre Amp 
PROBE 

10 50Q 
MHz 

Onfy 
S49 95 


FREE CATALOG 


S?| jeNseN tools & ALLoys 

UJDMUTfipMifTeniM TrrtiiJt Ar Bjvfcli 


SEND FOB FREE CATALOG Dtp HR I 

SCIENCE WORkshop 


WANTED FOR CASH 


lIlMfflBHl ELECTRONICS 


mh° Mini 
Counter 


7208 COUNTER 


We have the worlds largest selec¬ 
tion of synthesizers for receivers, 
transmitters and transceivers. For 
complete details see our 1/3 page 
ad in the April 1976 issue of this 
magazine or call or write for addi¬ 
tional information. Phone orders 
accepted between 9 AM and 4 PM 
EDT. (212) 468-2720 

VANGUARD LABS 

196-23 JAMAICA AVENUE 
HOLLIS, N, Y. 11423 


tii-mmil Purppw Low Cosl (’tinnier Without the SjctUkv til ICiMl PcftoimiintL- i! UsTSTsl 

"Check the features wp have lhat some other low cost counters don't have." NMl 

Mriar CAbinm •Senunvrty 10 MV at 6Q Mi 1/ * Completely Auto Decimal Pom* HNffiVflj 

Olgil A‘ w LEO p.tp-ny *115V of 13V Ofiwjnmfi *S*i«£tltU* G*t* Tim** 11 i*c & t utl baLfaJ 
r^pui C*nr* rntdutlftd • t\jih ^uton Control* • Built m Piflflmt) iDunonuf] 

IV In pul Jack * i,iio 1 iff - f CryUiH Tinio Bj» l 1 ppm gfldF 14 I I RMI 

7 208* LD0 MHr Kn Si49 95 72G8A Asvumblod £199 95 

OPTIONS 01 I Pq^oSLip w Mi Cad BaI tar y (Bull t in Charger I . £39 95 _ 

021 Cryftal Own |l ppm 0 to 6Q°C) £39 US 031 Hundin $5 00 j^f^l ™j 

mriimnni Built in Pnump 10 MV v> ISO MH.- £10 00 mm 

ILilL'Jlln] DAVIS ELECTRONICS 636 Sfumdaii Dr., Toiiiiwaurla, NY 14 ISO JI6/874-5B48 


Iron Powder and Ferrite 


TOROIDAL CORES 


HAHD-T0-F1ND PRECISION TOOLS 

|jti> muip ik|fln 3008 iHtM; pilrr*. wtrr 

MHfij.mil. k'*r mum I'ju.di,. .ifHn.il 

rifulpmrnt. HnJ k*ti mirlutfi Aim inrlwlrt M>n 
fiAjfriiil uvrlihl ‘TlmjI 1 if<> 1 . ■ flltl In I,Mil mrUfi [nm 


Wide selection — Large stock 
Fast, one-day service 
Technical data with each order 
Write for free Tech-Data Flyer 


/\ ma ^ eur TV Converter 

■VI 'J-*® I Use yovr TV eo SW hams on Tv 
■ VafaclorlutieaMHr Cckti 

p-eie vsith negoljled AC supply Guaranteed ? yid'is — 
S49 9b po$IJH>0 Serni Kit S39 9b 

Sjaeetf u m An jiyj 1 1 Alt 1 h«y p «U, mi It u c i kwh j $? 3 9S 

Color Dat/Bjr Cantu Lor Hits Irom SJ9 9b 


12033 Otsego Street, North Hollywood, Calif. 91607 

In Germany Eicktronikiatfcn - Mollies Sir 88. 493(3 DetmoftS !8 West Germany 

m Japan Toyomura fieciTonics Company Lid 7-9 2 Chome S&la Kanda Chiyoda-Ku. Tokyo, Japan 


SOX 393 

OETHPAGE H T 1171A 


NEW ELECTRONIC PARTS 

ICS - TRANSISTORS -FRQTDBGAID5 - RESISTORS 
CAPACITORS ~ DIODES - SW ITCHES - CONNECTORS 
VOLTAGE REGULATORS-CAitNIIS - HEAT SINKS 
FUSES A MUCH MORE STAMP BRINGS CATALOG 

specials 

KEYBOARD ENCLOSURES 

SIZES WON PRICE 

83 3 

14 11.3 3 S16 50 


The Ultimate 
IAMBIC 
PADDLE... . 


Full range ol adjustment in (■ 

tension and contact spacing m 

Self-adjusting nylon and brass 
needle bearings 

Solid silver contact points 

Precision-machined, chrome plated 
brass frames 

Heavy steel base has black, 
textured finish (chrome plated base 
optional) 

Non-skid feet 


Write for 
literature 


BREADBOARD 
KIT* 10.75* 


Available at selected dealers or send S39 95 
fS49 95 tor chrome model) plus $2 00 shipping 
and handling Money-back guarantee 


Benci-o.inc 


BKSfT., luumBiutii 
IJJp* - JX-' * SNIPPING INCLUDED 

Nu Data Electronics 

LG 4 I til RISK LI VDUII !Lt'*ar. kirfilt 


□epi A. 333 W Lake SI Chicago I16O&06 
(312)263 1800 


































IH ItfJHuu 


ELECTRONICS 


The Incredible 

Pennywhistie W3 


II SOCKET 
JUMPERS 


WjIjfj wifi two rows, <jl 025 J sq or! 
du posts on patterns of Miir 
tenters imi shjeldpd letepradiri 
Prote JCCK'S holies, in Dack Ctanc* 
of ff or tl" length 
ni CMEirti Length Put* 

26 W * 5 3S M 

26 &" 4 7H PA 

40 Ifl- a 27 ti 

40 r T 33 ea 

SO ta- SO 31 pa 


Part Mo. 

IWflOMOfl 
&24Q03-£>6K 
wmh i SR 
9?4O054)6R 
024006 I9ft 


mom 

wa ■ I Inui 

■OU . I f**W> 

» ■ ■ 04W<C 

if* I t Hk6ttfw 

r i i fnm 

s<r* * 1 swt* 

M | Mil** 

H* i™«v 

■w fprtiiu 

I.J.'I ■ 1 lip HjW w 

I * C 1*1*1'J' 

i1> 11 TTi Ogre GdhEip 

.H* P 1 TTl Ovfn Cmc* 

iwn musters 

rW* ftclnriiinatlpf i^iin 

W Si? ii ■ Spirx 
Du* 103 SI ! kit LH'J.’ • 
ttl >4 EFpruitK: 

n*« ir iw w.* 

"*t *0 Kit ilHi 
fNi* l y i,' Tirfib 

5'J Dr'*'* 

I IE I UyWtH 
ChuiTSfi thl H*f 
&4f ?Vl 'j»»* 

Eh* :»'i «■< iUS? 

Qfc*' *' ft* SLUM 

Itl.-'i 5,(1* 

I 4 |y 

i I 4 H*gmo- 

tunri 

» vm 


inv* 

VW 

■7WJ 

imm 

itm 

jna ■ i 

CM I I 
fji v i 
fit*, 

■«!M 


R Solder lo PC DoiftfS Id insTailt 
plug in atcoss via soetai lonm-ctor 
a lumpers 025 r sq posts Choice 
i ql slraiphl nr rigm angle 

Mo of Posts Angle Price 

7& straigfll $1 21 ea 

26 right angle 1 57 ea 

4Q SEtJUghE 1 W el 

40 riqhi angle 2 30 e* 

50 straight 7 16 u 

50 n phi angle 212 ea 


tinqjvAfr Ii»i*i"-r* 4httl *-4lN,J H t Wltl! Mt 

* 9 #. I'll }£,■" F’BI" '■ P 1 ■H fc K‘ #■*? 4 11^? 

|<* n«r f Jfnr* ■ »H. H4I" 1 * 

rietsfwvM ■w’ VW' 

IW V*L J 1GW*0 

ai 14 W J * 'll '*rfi-»* 1 *1 * s *4 4 

JfrpHWt LN LU <4 bdv-1 *» Ct 1 "T#»‘ 

■-'■■■ i .V ■ ■. ■ 1 ‘ ■ ' 




DIP JUMPERS 


umii4 nn'imn im U'luUHn it mm 

tVll » |E*mt 


3 Hand 

$9.95 each 

leaven tiwn nnoi r ts tien (nr 
wOrLjng 

r.l.imp.:, oh 11tfpr ol n.rnrn loblo 
cjf wurt fjffich 

Posiliuri biCmlil on ilMfJihf 01 llpE 
im-utioii lui '.wLlcrtfiiq O I Cllltiinq 
Styrrlv flljnunu'n conslroclrtin 
lor holJtryiM miiriur,lClurrrr nr 
ittitxjl rraxm 


Motes with slindaid 1C soclitti 
21 ipfigin * Fully Awembind I Tested 

r corns eir ^CHii'TinH f*bt ho erect 

14 %ul Rfm B?J 507 74 I 1 »? 

u w and mm 2* T (fi 

lfc Ml *M a?ail? 2s 7 13 

16 4&t end 374116 74 3 34 

ul me 4741?? 74 1J0 

74 .ft' mi! 97117f, ?i S K 

40 sfll N 974137 6 S3 

Also A^iiahie m 1 ? h and 36' lenQitin 


7S1 Ai M 4111 i:rw ^1*1 rn^if Jf..' I.M*' r*«i 

7SP 1*10311 IlFwjcn' i>'Hf#iL. iFm*' it- 
?614 iVa'iHiH 

VWV.'lM "V* *• *U*i iwh ■ 

Oil# nUHMLS 


SPECIAL REQUESTED ITEMS 


*4*01 nun 0*1 T 
MlhUtnU 

M V S’ 1 1’1V 

■ ■ '■ 

U: V '1 V 


CRYSTALS 


W*«W4fj 
TMtTKJ" 
fKI *» 
TOW 

k'lny 

r» 


THESE fftiOUINCIfS OILY 
FREQU ENCY Ci 

t OQ&tJH/ N 

t 1432 WRJ HH 

2 OQOMHI Hi 

2 OlC'MH; HI 

2 WOMHj HI 

3 2?6SMMi HI 

3 579S45WH? HI 

4 QOQMHj HI 

4116MH? HI 

5 QQOMHi Hi 

5 inSMHf HI 

6 144 MM; HI 

6 4Q0MH; Ml 

6 S536MH? HI 

10 OQOMHI HI 

14 31H8MH1 hi 

IB OQOMHI HI 

16 432MHJ hi 

20 QOOMH/ in 

32 OOOUH; hi 


DIGITAL STOPWATCH 


PRICE 


PART HO 

CYl* 

CY1 £4 
CY2A 
CY2 01 
CY2 5Q 
CYj 27 
CY3 37 
CYM 
CY4 01 
CV7A 
CY5 11 
CY6 H 
CY& 40 
CY6 55 
CY12A 
CY14A 

CYW 
CY1B 43 
CY??A 
CY30A 


* ■■ , 1 ■ V I - ' l">w«t 

■ 1<tn l * 14 M rt wnl> 

* . .’i» I -- i . r 

* *" ' ,-*l' ’ 

r^vi •••i i .p i,#* t in*- 

* ,t I i ■. ' -p * r 


PARATRONICS 

Logic Analyzer Kil 
Model 100A 

$229.00/kit 


Kit — 139 93 

Assembled — $49 95 

Hear) QuTy Cari-y C*st SS f5 


4nj\. r t rL , I''. (i’L j nt rliqil,i tnti 
data iJtF^- «n ibices■'■ rti H 
itlMJiun ttortt 1 jn-r nnnd 

, ErouPlf MticHiE 11L CMOS Oti flU 1 

St hotter »"rt MOS 1 1" . 

i iii-i'- i T - IbHHj ■ 'i'dr. >d\ n- h ■: i;>i *nl t 
, Ser iW *ntf ,'ffi fl.-.piiypd ii your 
CRT tnUI ri-r tir*anr£HTwll |[|fffi*T 
i If s , m nits miili- 11:1,41 opr'.ilmg rnimuiun-. 

i Usu to AiMmbit comeiwrm ^lap-6i iiopeoftiftucOtvri 
rrunuaJ wncn trnxeir. Kl pages CVI Ifigir mi^ryipr Qflerjnon 

I Model 100* Manual %i y,\ 

PAHATftGHICS TRIGGER EXPANDER Mode! ID 

Udi 16 uhinoniu dh i PiwOn Uiyijl rtnUv ind qiuXiLaion «1 i.^gi cKk,i 
# fti| 4 6H I nflfl*r wijicl Cfln-if-;. ft. Jm*c! tu Htjilel I (HA >dI n.latf ■ il hi i.ii*rtl 


Stop Welch Cnip Only [77051 H9 »5 


3V*DIGIT DPM KIT 


Spent jutilir..j|ki)m .nr 
E i □ uti leUiKitin g rti if. tej[i I OCTSf.cn 
i 111 r;* nf .1ri.i tcm !■ •!'1.I1..I'■■ * 

.. i.nonr djl HUM' 

liatirm h.Mrrai-nri ..r ■. I'.riSMv ngu 

. r, F . »,Hiy ui«nlt 1 jnd ir..rr 
i-ijlltf! 

Mynrfining 1 1 ' ■; j' a.'h£r 

1 .ri m pr opr • tm nin? 1 .ilnifl- 
durmg 


TRIMMERS 


10MM sue fiimmirs .394 Dia 

Part No t‘9 10 24 25 49 100- 

THlIfvjFMfi J5 10 75 20 


Asjln Pointy 
Low Power 
SsilQlif J 1C i inn 


* Mew Bipolar Uml 

* Aula Zeroing 

* .S^LEO 

Model KB50Q DPM Kil 


TRIMPOTS 

TSCT Single-Turn • 1/Z Watt 

, Squate - Top Ad|uM - 3/S Si is 

Part An t -9 10-24 ZS- 4 S 54 -W 

63P(valua) S9 Hs ao ?o 

g.udrF« VKn vi i>j 'eChi < > s* iH v» »a> .na vj> r -'^f 


Model KB503 5V Power Kit 


too MHl 0-Digit Coufiler 

■ ■ •'■'■ 1 '■ U".' ■ I ■■ If*:nr ... (> 

■ ID iJ'U'Ji -.a-wnr. it*, n* *iv * - 

* •■•'•.. *'! r *'•<» "Jl"-I \. • •■ lh.1l 

■■ . l .ilii'.Jhlti iidi[jl|H fin **!»-■“a- 

v *V**f £*.n(»*l| ; > 1 W 

rrri,,; MAX-1« QE 


■ 

* :. .. 

■ A 1 

# ' I. 1 r j 

- rP I - 1 

■ 

■ 

‘ ;■ 'i-1* 

*t. laijr H lentil 

> i *5 W v r—■ Vi «a: i'..’ 

nr. At C^iare in i ^ + x 

’(■ ’ ..I I'M f VA 

■jit M ii ’ 

Actmgngt 

AC Adapter Ip 31 J9 M 
Hactiaigeablf 
Sanaftti BP‘2t 20 00 
Carrying Cast LE-IS 7 50 


JE700 CLOCK 


15 Turn - 3/4 Walt 

Reclanyulsr Side Adfusi 3 4 t 1/4 Si;e 

Part No I t 10 24 73 49 50 99 

4,^1 value) 1 K 1 25 \ 2D t IS 

i t iy.11 it .» %■ *!» if* - .. 1 .v ■ 'MK 1 ■»q 


KIT ONLY 


JE803 PROBE 


ACCtSSGHUS FOR MAX 1011 
Mubiia Cmriaf Eiimuiatai 
w "'*#'• *> n n < i U«i»' 

Cfc*re*f Eltmlaafo* 

■smvn 


1 15 VECTOR BOARD 


«4»44 9bJf.Mt 

Wi! Win 1 

'4Pii ' rt’ 

SJkil i-. *H 

wu |' J -. ; rtl 
ISPH 0W»1 


KEYBOARDS 


Hexa iedmai Encoder 


63-Key Unencoded 


1 F-fil ' 


t^:n' h 4 -. s 


Thrs is a 63-key iinmmii k By board n^wiy 
fniTiLriAcluWtf by a large co'TipuTei manufac 
TUfer li i^ unencodfd wilfi SPSI keyv urtoiT 
tached to .iny kind ol PC bOAid A ^rry solid 
molded public T3 ji 4 hast soils most atujlica 
non IN STOCK $29.95/each 


PROTO BOARDS 


19-key pad indudcs 1 10 koys 
A8CDEF and 2 optional Keys and j 
shill Key $10.95/each 


PROTO BOARD 6 
S15 95 

16 long * 4 0«tr . 


SmC43|i#1 P-'BJ jM-J *v '► IlliTl h'--' Ill *l'irii»ll (lTMJTICl 

Ikqg TIHlInn utli'ly Uk.lFIJi cfl 1|>T .rh»lfi|H| 


Hfi 1QT] 4 1 F 1 5 “9 95 

httioi 5 A « 4 5 29 95 

F'0102 7 *45 39 95 

PS1D3 9 *h M» 

PltlEH 9 5 * # 79 % 

F'flZO] '?1* BOM 

PB701A ->7;j. f,’ V , .'i, 129 95 


Model P180 


He| t\ fkVfniqri i wire wrq|i 
wilt! lor PTBQ #20 AWG 
$?.7&eactf 

Vt ,'H J A fHil rtZfl J S MU 
rtjs r C Kiw HM ? n tifik* 


Sp*c SlietU 25 ( 

\ 9 7 8 A Ci laFog A vaitahle Saitd 3 5 1 it a m p 


S5.0G Mirmnum Qrd*f - US Famlii Duty 

California Aeudttm Add 6\ Sain Tax 


REPLACEMENT WRAP 81T 

104 PlflOSlll N Wrjjt 

No, PI 00A SU.95erH!h 


PRONE 
ORDERS 
WELCOME 
(415) 592RD97 




INSTRUMENT 
CLOCK CASE 

IfllfCtlorv molded ijuK 
CamiHfl? «uit fcg mi§i 
l 4Vi" ■ * UK 16 


PRO TO CUPS 


Uj’hNiirfJ 
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PYRAMID DATA SYSTEMS 

I TERRACE (Vi.. NEW EGYPT, *1 * S08-?58-T*iT 


C. W. KEYBOARD 
MODULE 


BY WB2DFA. SEE JAN 78 HR, PGS 31 87 

• DOUBLE SIDED, PLATED THRU BOARD * 

• USES POWERFUL 6504 MICROPROCESSOR 

• 256 CHARACTER BUFFER .. 64 CHARAC 

TER RECALLABLE BUFFER FOR CQs. HERE 
IS . . ETC. •• 5 TO 99 WPM SPEED 

RANGE •• XTAL CONTROLLED ... 
EXPANDABLE MORSE CHARACTER SET •• 
AUTO XMT SWITCH OUTPUT FOR YOUR RIG 
(KEYBOARD VOX!) « BUFFER OVERFLOW 
WARNING LAMP DRIVERS **• USE WHH 
ASCII ENCODED KEYBOARD * $25 Q0 BARE 
BOARD LESS PARTS, PPD USA ••• KITS 
AVAILABLE ... 


TROUBLE FREE TOUCH - TONE ENCODER 


POSITIVE TOUCH (KEYS DEPRESS} • MOBILE • HANDHELD 
POSITIVE MOUNT • NO POTTED PARTS (SERVICEABLE) 
MIL SPEC COMPONENTS * NO HFI * SEIF CONTAINED 
XTAL CONTROLLED • LEVEL ADJUSTMENT FROM FHONT 

Supplied wiih Instructions. schematic. len^ldtf, fiovd- 
wflffl Operating Voltage 4 5.60V PFM A, designed lot 
Standard Communications Handholds 

(California residents add 6% solas Ta* 1 

PP1=$B5 00 r PP-2—S6S 00. PP 1A=SS8 00 

PP1 M-S55 00, PP 2M-S58 00, M sorms Mobilo 
PP-T K=SeH 00. PP 2H=S69 00, 
K^itnsi — Saif Contained Daily Ralay 
LETTERING OF UNITS OPTIONAL 

Avuiabto jtt Him Radio Center i800j 35b 3636 

Denver Colo CW Ell(lionit) | JO3) BiH* bbZb 

Medford, MA. Tuh* {6t7] 395 SZ80 

Any else, Henry H*<Jip |?T3) 


Mail 

Order To 


<pipo cgommunications 


P O. Box 3435, Dept. 6 
Hollywood. California 90028 
213/052 1515 


ALL BAND TRAP ANTENNAS 


MOVING? 

KEEP HAM RADIO COMING.. 


If possible lei us know four 1o six weeks 
before you move and we will make sure 
your HAM RADIO Magazine arrives on 
schedule Just remove the mailing label 
from this magazine and affix below 
Then complete your new address (or any 
other corrections) in the space provided 
and we'll take care of the rest 

tidm 

Allow 4 6 weeks Tor 

***** correction. 
Magazine 

Greenville, NH 03048 

Thanks tor helping us to serve you better. 
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CALL TOLL FREE 



1 - 800 - 228-4 

Communications Center 

443 N 48th Street ■ 

Lincoln, Nebraska 68504 I 

In Nebraska Call (402J466-8402 I 


Antenna 


1 - 800 - 634*6227 

Communications Center 

West 

1072 N. Rancho Drive 
Las Vegas, Nevada 89106 
In Nevada Call (702)647-3114 


18HT 


BankAmericahd 


Sale! 


HY-GAIN 


CUSHCRAFT^ 

ATB-34 

Regular Special 


TH6-DXX 

Super Thunderbird 

$249.95 

$ 209.95 

TH3-MK3 

3 ele. 10, 15, 20 Mtr. beam 

199.95 

169.95 

Hy-Quad 

2 ele. Quad 10, 15, 20 Mtr. 

219.95 

189.95 

TH3-Jr. 

3 ele. 10, 15, 20 Mtr. beam 

144.50 

129.95 

18 HT 

Hy-Tower 10-80 Mtr. Vertical 

279.95 

239.95 

14AVQ/WB 

10-40 Mtr. Trap Vertical 

67.00 

57.00 

18AVT/WB 

10-80 Mtr. Trap Vertical 

97.00 

84.95 

203 

3 ele. 2 Mtr. beam 

12.95 


205 

5 ele. 2 Mtr. beam 

16.95 


208 

8 ele. 2 Mtr. beam 

19.95 


214 

14 ele. 2 Mtr. beam 

26.95 



MOSLEY 



Classic 33 

3 ele. 10, 15, 20 Mtr. beam 

232.50 

189.95 

Classic 36 

6 ele. 10, 15, 20 Mtr. beam 

310.65 

249.95 

TA-33 

3 ele. 10, 15, 20 Mtr. beam 

206.50 

169.95 

TA-36 

6 ele. 10, 15, 20 Mtr. beam 

335.25 

279.95 

TA-33 Jr. 

3 ele. 10, 15, 20 Mtr. beam 

151.85 

129.95 

TA-40KR 

40 Mtr. add on 

92.25 

74.95 


CUSHCRAFT 



ATB-34 

4 ele. 10, 15, 20 Mtr. beam 

259.95 

209.95 

ARX-2 

2 Mtr. Ringo Ranger 

36.95 

32.95 

A147-20T 

2 Mtr. Twist 

59.95 

52.95 

A144-10T 

10 ele. Twist 2 Mtr. 

39.95 

32.95 

A144-20T 

20 ele. Twist 2 Mtr. 

59.95 

52.95 


HUSTLER 



4BTV 

10-40 Mtr. Trap Vertical 

99.95 

82.95 

RM-75 

75 Meter Resonator 

15.50 

13.50 

RM-75s 

75 Meter Super Resonator 

30.00 

26.50 

G 6-144-A 

6 db. 2 Mtr. Base Colinear 

67.55 

57.95 


WILSON 



System One 

5 ele. 10, 15, 20 Mtr. beam 

274.95 

239.95 

System Two 4 ele. 10, 15, 20 Mtr. beam 

219.95 

189.95 


CDE ROTORS 

Ham III $125.00 

T2X Tail Twister $249.00 
CD-44 $105.00 


+ * 


X 


X 

MOSLEY CL-36 




TR/lf> 


RINGO 

RANGER 


4BTV 


We carry all major brands of ham radios 

AT DISCOUNT PRICES 

Yaesu — Kenwood — Drake — ICOM— Dentron — 
Ten-Tec — Swan — Tempo — Midland — E.T.O. — Wilson 


master charg^ 

I h( H'( A«L 


More Details? CHECK-OFF Page 142 
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WE’VE 
DONE IT 
AGAIN! 


Announcing the new 
“SCANICOM”™ 245/211 
scanner , * the ultimate acces¬ 
sory for your new ICOM radio. 


44 


99 


SCANICOM 

• Will scan the entire 2-meter 
band in 5 kHz steps (the 
radio’s display tells you the 
frequency) 

• Has a built-in delay that 
allows you to remain on 
frequency for a few seconds 
after the signal goes away 

• Employs a connector that 
simply plugs into the back of 
your unit 

• Requires on/y one wire to be 
added to your unit, and 

• Comes complete with a fully 
illustrated instruction manual 
for fast, simple, installation 

• Can be used with the new 
ICOM RM2 Microprocessor 
control box to allow it to 
scan your IC-245 or IC-211 

• Proper installation will not 
void warranty 

$39.95 

Units available directly from 

ESSARY ENTERPRISES 

or from your local ICOM dealer. 

Call or write for details NOW. 



"Patent Pending 



COMING SOON ... Our 

NEW Bandspander modular 

insert for the IC-22S that allows 
the radio to go in 5 kHz steps 

and additionally covers the 
new 144-145 MHz repeater 
subband. 


ESSARY 

ENTERPRISES 

P.O. Box 1731 
Richardson, TX 75080 
Tel: (214)231-5866 
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Our portable 2-meter radio 

goes anywhere you do!!! 


* 



800 channel - synthesized 1 and 12 Watt RF Output 


Anywhere you go . . . camping, boating, sporting events, hanvfests ... or just "Talking 
around town" in your car, the small and lightweight WE*800 portable is with you. 
Designed as an all-purpose 12 watt mobile or 1 watt portable unit, it's loaded 

with features to satisfy even the most discriminating amateur. 


"800" is for channels, from 144-148 MHz in 5 KHz steps, up or down 500 KHz 
for your local repeater. There are also provisions for 5 pre-programmed 

frequencies of your choice. 

Additional features: * Operates on rechargeable internal Nicad batteries (not 
included) • Built-in S-meter/output indicator • Hi-Lo power switch 
•Connectors for external antenna, speaker and power * Mounting bracket/ 


handle, flex rubber antenna and 12 VDC power cord furnished. 



* Frequency Range: 144,000 - 147,995 MHz * No. of Channels: 799 @ 5 KHz nr 399 @ 
10 KHz * Operating Mode: Direct frequency modulation * Type of Communication: 
Simplex or transmitter offset - 600 kHz * Operating Voltage: 13,6 VDC negative ground 
(10 to 15 VDC range) * Current Drain: Transmit 290 mA (3 1 watt output, 2 amps @12 
watts output. Receive: 45 mA squelched. 250 mA at futl AF rated output • Antenna im¬ 
pedance: 50 ohms nominal * Size: 8-1/4 k 6-3/4 x T-7/8 inches 1209,6 x 1 71,5 x 47.6 
mm] ■ Weight:: 1 lb. 15 oz. (4,13 Kg): (3 ib. IT oz. (8,16 Kg) with batteries * Frequency 
Determination Method: C MOS phase locked loop • Offset Option: Two optional offset 
TX positions also available. 

PERFORMANCE SPECIFICATIONS: 

TRANSMITTER: * RF Output: Hi 12W, Lo !W * Frequency Stability: .001%-1CPC^ + 
60°C * Local Oscillator: Simplex, 21.4 MHz; Offset +600 kHz, 22 MHz; —600 kHz, 20,8 
MHz [Options for two more offsets other than 600 kHz) * Harmonics St Spurious: More 
than 60 dB below carrier * Deviation: ±5 kHz • Audio Response: + 1; — 3 dB of 6 dB/ 
Octave. Pre-emphasis characteristics from 300 to 3000 Hz. 

RECEIVER; * Receiving System: Double conversion Superheterodyne * First Local 0$ 
cjffetor: P1_L output of (F 21.4 MHz) * First IF: 21.4 MHz (with 2 pol^ monolithic fil¬ 
ter) * Second IF: 455 kHz (with a ceramic filter) * Stability: .001% -10 ~ V +60°C * Sen¬ 
sitivity: 3 uV for 20 dB quieting • Squelch Sensitivity: .2 uV * Spurious & Image Rejec 
non: Better than 80 dB • Intermodulation: 60 dB ■ Selectivity: t 6 kHz at 3dB, ±15 
kHz at 80 dB * Channel Spacing: 15 kHz • Audio Output: 2 W M0% distortion to 4 
ohm) 


For the "best" in amateur antennas, crank-up towers and 2 meter radio equipment , depend on WILSON 

demand it from your nearest amateur dealer. 




Wilson Electronics Gorp. 

P.O. BOX 19000 • LAS VEGAS • NEVADA • 89119 • (702) 739-1931 • TELEX 684-522 


NEW AM A TEUR DEALERS NEEDED IN CER TAIN AREAS 

WRITE FOR DETAIL SI 11 








MOSLEY TA-33 
3-element tri-band beam 

The TA-33 has 10,1 dB forward gain 
(over isotropic source) • Front-to- 
back ratio; 20 dB * Power rating, 2 KW 
PEP SSB input * Exceptional 
broadband gives excellent results 
over Ml ham bandwidth * VSWR at 
Resonance: 1.5/1 or better * Boom 
length 14' ■ Longest element 20' 
* Wind surface area 5.7 sq, ft, 

206.50 list price Call for quote. 


DENTRON’S NEW 
Big Dummy Load 

Now you can tune-up off the air with 
Dentron's Big Dummy Load. All full 
power dummy load, it has a flat SWR, 
full frequency coverage from 1.8 to30G 
MHz. A high grade industrial cooling 
oil is furnished with the unit. Built to 
last 1 Fully assembled and warranted. 
Help Cut out the QRM factor NOW! 

29.50 Call for yours today. 


□ HAKE TH-7/DH-7 

HF transceiver 

NEW TR-7 is solid-state, continuous 
coverage and synthesized TX or RX 
SSB, GW, RTTY, or AM independently. 
Special high power solid-state PA In¬ 
ternal test facilities: S-meter, RF 
wattmeter, VSWR bridge, and digital 
freq. counter reads to 150 MHz for 
tests. RIT, Power 250W PEP input. 
Frequency 1.5 to 30 MHz 

1072.00 list price. Call for quote, 


FT-7 
HF transceiver 

The NEW FT-7 features * Frequency 
coverage: 10 thru 80 meters * Sensitivi¬ 
ty: 0 5 micro volts for S/N 20 dB 

* Emissions; LSB. USB, GW * Input 
power: 20 watts DC * Completely 
solid-state, single knob tune-up * 100 
KHz calibrator buiit-m * Semi-break-in 
with sldetone ■ Receiver offset tuning 

* Extremely compact for installation 
under dashboard 

499.00 list price. Call for quote 


KENWOOD TS-520S 
SSB transceiver 

TS-520S features: * 160 thru 10 meter 
coverage * Optional DG-5 frequency 
display (on top of unit) ■ New speech 
processor with audio compression 
amplifier • Built-in AC power supply 
(DC-DC converter, optionaf) ■ RF 
attenuator • Provision for separate 
receive antenna & phone-patch 


KENWOOD TS-820S 
SSB transceiver 

Kenwood's best transceiver now has 
the digital readout factory installed 
Some other features: * PLL tor superb 
protection against unwanted cross 
modulation * No recalibration on side¬ 
band operation • Digital readout mixes 
the carrier VFO and the first 
heterodyne frequencies, given the ex¬ 
act frequency * RF speech processor 
* IF shift * BuiII-in AC power supply. 


739.00 list price. Call for quote 


1098.00 list price Call for quote 


Remember, you can call TOLL FREE: 1-800-633-3410 in U.S.A. or call 1-800-292-8668 in 
Alabama for our low price quote. Store hours: 9:00 AM til 5:30 PM, Monday thru Friday. 


^ Longs Electronics 

MAf L ORDERS P O BOX U347 BIRMINGHAM, AL 35202 * STREET ADDRESS 2B08 7TH AVENUt SOUTH BIRMINGHAM ALABAMA 35233 

144 3S July 1978 
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NEW ON 2 FROM YAESU 



PWA GOhTAGl 
S&B MfC 0*1* 


iUSCT 


M Of * 

CiAumfn 


-saturss ■ •. ■: i 

] Digital frequency display J Complete 144-148 MHz coverage in four 
j t 600 KHz or optional auxiliary repeater split 1 1 Built-in memory unit 
I Noise blanker ■ Selectable AGO i Three way metering: S meter, power 

rr ■ Built-in AC & DC power supplies and speaker a Built-in tone burst— 
1 Front panel display/lamp dimmer n Twenty-five watts output- 


Price And Specifications Subject To 
Change Without Notice Or Obligation 


YAESU ELECTRONICS CORP., 15954 Doumey Aoe., Paramount, CA 90723 (213) 633-4007 
YAESU ELECTRONICS CORP.. Eastern Service Ctr., 613 Redna Ter., Cincinnati, OH 45215 


THE MEMORiZER “PLUS ” 

Yaesu presents: The finest, compact, versatile transceiver designed for the active 2 meter enthusiast. The 
FT-225RD features ait mode operation—SSB/FM/CW/AM—with repeater offset capability and a 
memory! Modular, computer-type construction offers reliability and ease of service. The FT-225RD 
provides the super selectivity and performance needed on today's active 2 meter band. Join the fun on FM, 
DX. or OSCAR, with the new FT-225RD transceiver—another winner from the world's leader in amateur 
communications equipment. 

y 






















EIMAC tubes win a place 

in Rockwell-Collins* 
HF-80 systems. 



Rockwell-Collins chooses EIMAC 
tubes again. 

To power their new HF-80 family of I to 
{0 kW hf single sideband radio equipment, 
Rockwell-Collins needed tubes as well- 
constructed and reliable as the HF-80 system 
itself. That’s why they went with HIM AC, the 
way they have for every hf system they’ve 
built since 1958. 


For more information on what makes 
these and other EIMAC tubes so special, con¬ 
tact Varian, EIMAC Division, .30! Industrial 
Way, San Carlos, California 94070. Telephone 

(415) 592-1221.Or contact any of 
the more than .30 Varian Electron 
Device Group Sales Offices 
throughout the world. 


The deciding factors 
EIMAC s quality, 
backup, availability 
and customer 


acceptance. 

The new HF-80 
equipment ranges from 
operator-attended re¬ 
ceivers and transmitters 
to fully automated, re¬ 
motely located communica- 
tions stations. The HF-80 is 
used worldwide in business, mili¬ 
tary and general government com¬ 
munications. So Rockwell-Collins needed 
tubes with worldwide availability and tech¬ 
nical back-up. HIM AC's proven customer 
acceptance and well-established reliability 
were more pluses. 

The HF-80 uses HIM AC’s 
4CXI500B at 1 kW, 4CX5000A at 3 
kW, and 4CX15000A at 10 kW with 
HIM AC’s 4CX.350A as drivers. 


varian 






I Send for your copy of the world’s 
[ largest selection of quality electronic 
[ products in easy-to-build, money- 
1 saving kit form! Nearly 400 kits in all 
I — all with Heath’s world-famous 
| assembly manuals that take you 
| step-by-step from unpacking to 
| final plug-in. 

| fill in card and mail today 

Please rush me my 
I personal copy of the 
' new Heathkit catalog. 

I am not on your mailing list JlBaRfT \ \.-j 


104 pages 


Address 


THE NEWT** 
HEATHKIT 
CATALOG 


Dept. 122-430 


HAM RADIO 












HEATH COMPANY 

Benton Harbor Ml 49022 




Send for your 


specifications of nearly 400 

electronic kits 
Including; 

stereo compo¬ 
nent*; auto, 
marine and 
aircraft a coat- 
Dories; digital 
clocks and 
we at tier 
instrument*; 
Amateur 
Radio; 
color TV; 
personal 
computer* 
and lot* morel 
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